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Criteria for Evaluating Gamma Radiation Exposures
from Fallout Following Nuclear Detonations'
' GORDON M. DUNNING?

1IE RADIATION factor of greatest im-

mediate concern to man in the fallout
incident to nuclear detonations is the ex-
ternal gamma radiation emitted from ma-
terizl after deposition on the ground.
This is the only factor that will be dis-
cussed here. -

COMPARATIVE RADIATION DOSES AND
DBIOLOGICAL EFFECTS

In cvaluating the biological effects of
gamma radiation exposures from {allout, it
is natural to turn to the many experi-
ments that have been performed in the
laboratory. In making a comparison,
however, certain differences between the

- two sets of conditions necessitate consider-

ation.

First, in the laboratory, narrow-beam
exposures, unilateral or bilateral, have
been the rule, while radiation from a fall-
out field may represent a source in radial
geomnetry, z.e., the radiations reach a given
point from material which is spread over a
plane. A usual laboratory method is to
measure the air dose rate from a unilateral
or bilateral source at the proximal sur-
face of the subject, and to report the dose
required to produce a given biological
effcct. For larger animals this dose may
be significantly higher than one calculated
by integration of the air dose all around the
subject, which, in essence, is the situation
when an air dose rate measurement is taken
in a fallout field. Thus, biological effects
comparable to unilateral and bilateral ex-
posures may be produced by lower air
doses as measured in a fallout field.

This geometry factor has been shown to
have genuine significance for large ani-
mals, such as swine, where the LD 30/30
values (the instantancous dose of radia-
tion that will cause one-half of the ani-

mals to die within thirty days) decreased
from 500 to 350 or 400 r when the methad
of exposure was changed from unilateral to
bilateral (1). Still further reductions
might be expected in changing to exposure
from a source in radial geometry.

Second, an experiment with Rhesus
monkeys (2) in which 250-kvp x-rays
were used gave an LD 50/30 value of 530 r.
A significant number of the monkevs died,
however, after the thirtieth day. If the
survival data at one hundred days (the
extent of the data reported) were utilized,
the figure (LD 50/100) might be ciose to
430 r. While it is proper to report and use
LD 50/30 values for experimental pur-
poses, such values are less relevant in the
present study, since we are concerned with
the general health and welfare of the pub-
lic. It is as serious for a tan to die on the
one-hundredth day as on the thirtieth day.

That the factor of deaths after thirty
days may be extrapolated from one primate
to another is suggested by the Japanese
data (3). In the group sampled for Hiro-
shima, the number of reported deaths be-
tween the twenticth and twenty-ninth
day was 137; for Nagasaki the figure was
87. After the twenty-ninth day 117
deaths were reported at Hiroshima and S7
at Nagasaki. (There were, of course,
many deaths in these sampled populations
before the twentieth day.) The difficuit
task of accurately recording, isolating, and
identifying the causes of these deaths is
recognized, but an analysis of the extent
of radiation injury and the time of death
would strongly indicate that radiation was
a major factor in a significant number of
the fatalitics occurring after the thirtieth
day.

The final difference. between laboratory
exposures and doses from fallout requiring

! Presented at the Forty-first Annual Meceting of the Radiological Socicty of North Anierica, Chicago, !ll.,

Dec. 11-105, 1933,

* Health Physicist, Division of Biology and Medicine, U. S. Atomic Energy Commission, Washingten, D. C.
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consideration is the energy spectrum of the
radiation. The gamma spectrum emanat-
ing from fallout material is complex. In
Graph 1 is shown the gamma spectrum for
fallout after the detonation of March 1,
1954, at the Pacific Proving Ground (4),

.with the estimated percentage contribu-
" tions of the gamma quanta of differing

cnergies (million electron volts). It is

the Pacific Islands, the winds were light
and the first rainfall did not occur until
about two weeks later, Graph 2 shows
the gamina dose rates taken at 3 feet

above the ground on the island of Rongelap

over a period of nearly a year. In the
first ten days the decrease in activity, or
disintegrations per unit time, is roughly
consistent with the known radiological de-
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Graph 1. Percentage of total dose coatributed by gamma quanta energies shown (million electron volts).

recognized that such spectra may vary and
that any single value may conceal impor-
tant features, but an estimate of 0.7 Mev
mean energy has been quoted as a first
approximation (3).

WEATHERING AND SHIELDING

The variable nature of the two param-
eters of weathering and shielding makes
establishment of a precise rule, covering
all situations, impossible; yet these factors
fre operative in determining the total ex-
posure received from fallout.

One example will be used here to give
some perspective as to weathering effects.
After the detonation on March 1, 19534, in

cay rate for fallout material, i.e., a slope
of minus 1.2. The break between the
tenth and twenty-fifth day, therefore, un-
doubtedly represents the effects of rain
(and possibly winds), which was known to
have occurred. The rest of the points
fall roughly on a line of (time) =17, re-
flecting principally the effects of weather-
ing and possibly, to a smaller degree, the
fact that the number of gamma guanta re-

“leased per disintegration decreases after

the first thirty to forty days. In employ-
ing these data, however, one is faced with
the problem of translating the effects from
a Pacific island to larger land arcas with
different climatic conditions.
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Ncither the exact time of winds and rains
nor the precise extent of dosc-rate reduc-
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TasLe I: EstiMATED ATTENUATION FACTORS oOF
Gauma Doss RATES FrROM FALLOUT

tion can be predicted. These two param- Approvimale
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DAYS AFTER DETONATION

Graph 2. Gamma dose rates on the island of Rongelap following »detonatic'on of
March 1, 1954.

tivity is assumed to decay according to
(t) 2, for the second week (t)~!-3, and for
the third week and thereafter. (t)~!-4.
Justification for such values lies not in the
high probability that they will occur at
these times but rather in the necessity of
generalizing (probably conservatively) in
advance, so that some estimate of the
parameter of weathering may be incorpo-
rated into evaluations of possible future
contamination.

Field measurcments, as well as calcula-

tions, have indicated the attenuation of
gamma dose rates to be expected from the
shielding afforded by various structures.
Obviously, there will be wide differences
in this respeet, depending upon the type
and_size of the structures; Table I gives
some rough estimates of this factor of
shielding. For the moment, let us con-
sider a situation in which no special evasive
measures arc taken and people continue to
live normally in the contaminated environ-
ment. Great varation in the amount of
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accumulated radiation dose may be ob-
served, dependent upon the location of
persomnel in relation to different types of
buildings or natural terrain features and
on the length of stay at a particular place.
~ During the 1935 nuclear test serics ot
the Nevada Test Site, a number of film
badges were placed outside and inside

100
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badges as they went about their normal
activities in adjacent communitics, Out-
of-door radiation doses werc calculated on
the basis of the survey data of monitoring
teams shortly aiter fallout (as would be
done in emergeucy situations); these were
later compared with the doses indicated
on the personnel film badges. The ratio

Vil

24th hour

/ o . B

Tth hour ]

ACCUMULATED DOSE (ROENTGENS)
)

/ : 3rd hour -]
= ist houe %

1 ! ! | I

1111

Times after delonation
of initial fallout

1 it 1t 1111

10 oo

DURATION OF EXPOSURE FOR TIMES IMMEDIATELY FOLLOWING DETONATION

(DAYS)

Graph 3. Estimated average accumulated gamma radiation doses for personnel
continuing to live normally in a contaminated area, based on a dose rate of | r per

our at tine of fallout.

Sce text for assumptions,

school buildings. The ratios of out-of-
door to indoor doses ranged from 1.3 to 7.
As anticipated, one-room frame buildings
generally provided the least protection,
with multiroom single-story concrete block
" buildings falling within the upper range of
values. Since the duration of the ex-
posures was generally less than one week,
the effect was undoubtedly due principally
to shiclding rather than to weathering
effects. Limited data were also collected
for personnel—school teachers, physicians,
mechanics, and others—wearing film

of doses measured on film badges to those -

calculated for out-of-doors

generally fell

between 0.4 and 0.5.

Duration of ex-

posure ranged from two to three weeks.
On the basis of these data the dose with

-shielding during normal occupancy of an

area may be conservatively estimated at
25 per cent less than that received by per-
sons f{ully exposed for twenty-four hours
each day.

One may combine the assumptions made
for weathering and shiclding and arrive
at a family of curves which estimate the
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-

accumulated radiation dose for persons
living normally in a contaminated area
(Graph 3). Since Graph 3 is based on an
essumed dose rate of 1 r per hour at the
time of fallout, the accumulated doses may
be linearly extrapolated to any other dose
rate at fallout. For example, if fallout be-
gins at three hours after detonation and the

ship for timed doses wversus biological
effects; yct there are sufficient convincing
data to permit an attempt at estimating the
cffect of this phenomenon.

Blair (6, 7,) Smith (8), Davidson (9),
and others have made extensive analyses
of cxisting data on the effects of time-
spaced doses for several species of animals.
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DURATION OF EXPOSURE

Graph 4. Ratio of total accumulated equally fractionated daily gamma whole-body doses to a one-day exposure
. ) * to produce the same whole-body eflects.

«
dose rate at that time is 10 r per hour, then
about 90 r might be accumulated by per-
sonnel continuing to live normally in the
contaminated area.

TIMED DOSES AND BIOLOGICAL EFFECTS

It has been recognized that, in general,
the longer the period over which a given
radiation dose is delivered, the less is the
resultant biological effect, except for such
aspects as the genetic. Since past experi-
ments usually have been designed for
other purposes, the data from these do not
readily elucidate the rate of repair or the
proportions of reparable and irreparable
damage resulting from differently timed
doses. Varying relationships have been
demonstrated, depending upon the species
or even the strain of animal, as well as the
criteria selected for study, such as skin
damage, life shortening, and LD 350 values.
Our present knowledge does not permit
establishment of a precise overall relation-

Generally, the recovery rate for larger
mammals, such as dogs, is significantly less
than for mice. Onec estimate places the
half-time recovery for man at four weeks
(9). The most conservative estimate of
the effect of time-spacing of doses, for
application to the problems under discus-
sion, is that of Davidson. On the basis of
his analysis, a plot has been constructed
(Graph 4) of accumulated, equally frac-
tionated daily doses versus an acute ex-
posure which would result in the same
whole-body effect (death or sickness).
This analysis indicates, for example, that
if a radiation exposure is divided into equal
daily doses, the total amount accumulated
over ecighty days would be twice the
amount required by a one-day exposure to
produce death or sickness.

The calculations necessary to incorpo-
rate the factor of timed doscs into those for
radiological decay, weatliering, and shield-
ing are rather tedious. An approximation
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may be made mecrely by superimposing
Graph 4 on Graph 3; the point where the
curves become tangential is the point of
maxinuin effect to be expected from doses
accumulated from fallout. It is not in-
tended to imply that no further radiation
damzge is received from exposure after

of the total dose accrues from fallout dur-
ing the first part of the exposure pericd.
This more rapid rate of delivery might in-
crease the percentage of irreparable daimn-
sge to some cxtent. On the other hand,
a greater proportion of the biologicai daun-
age would occur early in the exposure
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GAMMA DOSE RATES (THREE FCET ASOVE GROUND)
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TIME AFTER DETONATION FALLOUT OCCURS (HOURS)

Graph 5. Approximate gamma dose rates at time of fallout to produce an esti-

mated eflective biological dose of 1 r for

personnel continuing to live normally in a

" contaminated area. See text for assumptions.

that time. Rather, the analysis does in-
dicate that if the accumulated dose from
fallout up to the time of tangency is not
sufficient to produce death or radiation
sickness, than (g) the rate of repair (for the
reparable portion of the dose received) will
exceed the rate of exposure thereafter,
and, of course, () the irreparable fraction
of the total dose for the duration of the
fallout will be insufficient to produce these
whole-body effects. It is recognized that
the rates of dose accumulation as calcu-
lated by the two methods (Graphs 3 and 4)
are not identical, since a larger proportion

period, allowing a longer time for the rep-
arable factor to operate before the curves
become tangential. The radiation status
for the reparable fraction of the damage is
thus better at the time of tangency. Un-
til more definitive data are obtained, this
analysis may serve to approximate the
biological repair factor.

Graph 5 incorporates into a single curve
the major effects due to weathering, shicld-
ing, and biological repair. The radiation
dose arrived at by these calculations is
called tiie “‘effective biological dose.”” As
in the previous graph, the accumulated
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TasLe II: AFPPROXIMATE AKREAS ENCOMPASSED BY
THE EPFECTIVE BioLoGICAL IsODOSE Lings SHOWN IN
TuB Mar (Fic. 1) .

Approxiniate
Isodose Line Arces Ercompessed
{(r (square niiles)
& 25,600
103 ’ 12,500
< 400 5,022

doses may be extrapolated linearly to zany
other dose rate at time of fallout. For ex-
ainple, if fallout bezins three hours aiter
detonation and the dose rate at that time is
10 r per hour, about 67 r (effective bio-
logical dose) will be accumulated provided
personnel continues to live normally in the
contaminated area.

10 _
0.15
Itis frankly recognized that in any single

curve, such as that shown in Graph 3, there
ere inherent a number of uncertainties

67

* .that arc open to discussion. Criteria
. based on deliberate analyses of the relevant

data, however, may be more valid than
those determined under the duress of an
emergency situation. Such a simplified
graph might provide radiological monitors
with a quick, even if rough, estimate of the
potential hazards and thus assist in making
decisions as to possible evacuation, etc.

FALLOUT PATTERN FROM
HIGR-YIELD WEAPONS

From Graph 5 and data from other
sources (10, 11), an idealized diagram of
effective biological dases for fallout from the
March 1, 1954, surface detonation at the
Pacific Proving Ground has been prepared
(Fig. 1). It is to be emphasized that (a)
different yields of weapons, different wind
structures, and different kinds of land sur-
Jace, would resull in different patterns, and
that (b) this is the amount of fallout from a
single high-yield weapon.

The two innermost isodose lines shown
were selected to suggest regions where (g)
a significant percentage of personnel might
be expected to die (400 r) and (4) a few
per cent to become ill (100 r), assuming

»e 36 00 [¥2 4
SILIVTS xwg

Fig. 1. Idealized fallout diagram, based on high-

vield nuclear detonation of March 4, 1954, Isodose
lines represent effective biological doses (roentgens).

L i 1
.

continued occupancy of these areas with
no special protective measures. These
percentages would, of course, rise within
the encompassed areas. The 50-r effec-
tive biological isodose line has no unique
significance but suggests the magnitude of
dose which might call for emergency meas-
ures against radiation exposures even in the
face of other possible hazards. Table II
shows the approximate areas encompassed
by the three isodose lines. For areas
where the fallout occurs a few hours or
more following detorzation, many days or
weeks will be required to accuinulate the
major portion of effective biological doses,
so that spot decisions involving additional
hazards might not be necessary.

PROTECTIVE MEASURES

The idealized fallout diagram is based
on the assumption that people continue to
live normally in an area and that they do
nothing special to protect themselves.
Actually many measures can be taken to
reduce the gamma radiation dose. These
may be classified under four headings:
1. Evacuation. 2. Useofshielding. 3.
Decontamination of the environs. 4. Al-
lowing for lapscs of time before entry into
a contaminated area. These measures
will be discussed only briefly.

Where relatively small numbers of people
are involved, evacuation could be an easy
solution. For large communitics, major
factors of danger and/or hardship must
be considered. Each situation may be
unique, and independent decisions must be
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Trore I1I: Estivateo Repuction 1N Gamma Dosz
RaTES AT Three Feet AROVE THE GROUND TO BE
ExpeCTED FROM VARIOUS DECONTAMINATION
PROCEDURES ON LAND Sunraces®

Approximete

DProcelure Reduddion
Faclor
Plowing (to depth of §inches) 3
+ Bulldozing or grading (to depth of 4
inches) 4
¥i'l (clean dirt to depth of 6 inches) S
Scraping (Lo depth of 4 inches, with
coacurrent removal of exhumed dict) 10

* Based on data in Radiological Recovery of Fixed
) litary lpstallations (12).

made accordingly;. it is not possible to
establish beforehand any general rule of
action based on radiological considerations
slone. The complex factors entering into
this problemn cannot be discussed here.
There is available, however, a considerahle
amount of data on the radiclogical aspects
of fallout to aid civil defense avthorities in
making the decisions which will ultimately
rest with them.

The amount of protection afforded by

‘shtelding is suggested in Table I. The

exact dose rates that might be expected
from a fallout cannot be predicted, but it
appears reasonably certain that a shielding
factor of 1,000 would, even in the areas of
hieavy fallout, reduce the radiation below
levels which might produce sickness.  Such
a reduction might be attained by about 3
feet of earth or sand or 19 inches of con-
crete. Even the cellar of a frame house
will reduce the dose rate by a factor of
about 10, which might spell the difference
between relative safety and the danger in-
cident to full exposure. In the area of

iaximum contamination, however, located
within the 400 r ellipse of the {all-
out diagram, a factor of 10 might not be
enough to keep the accumulated dose be-
fow a hazardous level, even for a period of
half a day following fallout; in that case
more protective shelters or evacuation
would be required.

The third measure that might be taken
to reduce the radiation dose is decontamina-
tion of the environment after fallout has
occurred. Table III, based on field data
(12), indicates the degree of reduction in
gamma dose rates at three feet above the

Aprit 1238

ground which might be accomplistied by
various operations on the soil. Table IV
gives reductions of contamination of sur-
faces as estitnated by one method of deter-
mination. (Formore extensiveanalysessee
refercnces 12, 13, and 14.)

The final factor of major benefit in re-
duction of radiation dose is the lapse ¢f
éime. On {hie basis of radiological deeay

TapLe 1V: EstivatTep REDUCTION IN CONTAMINATION
OF SURFACLS UsING A FIRE Hosine Merhon®

Approximate
Surface Reduction
Faclor
Concrete - 10
Weod 30
Metal 30
Roofing 30

hd Based on a dry contaminant. For a slurry con-
tawinant, the reduction factors might be only one.
tiird as great. Pre-protection of woed aud couciete
surfaces, e.g., with sealers or paints, mizht increase the
rcduction facter by a factor of about 3. (Based on
data in Radiclugical Recovery of Fixed Military
Installations (12)).

alone, the activity (disintegrations per
minute) decreases approximately accordinz
to the principle of (time)—'-%. Thus, for
every sevenfold lapse of time aiter a
nuclear explosion, there will be a tenfold
reduction in dose rate. For example, if
fallout occurs one hour after a detonation,
the dose rate will be one-tenth of its inicial
value by the seventh hour; an additional
tenfold reduction would require about two
additional days of waiting. Similarly, the
total possible out-of-doors dose accumu-
lated from the first to sixth hour after det-
onation would be approximztely the same
as that from the sixth hour until one weei
later. Further, this first-week dose wouid
be about twice as great as the entire re-
maining dose possible for the lifetime of the
activity, even in the absence of weathering.
This rapid decay suggests the benefits of
protection in the early periods after fall-
out and, where possible, delay of entry
into a contaminated area.

The question is frequently asked as to
the time one must spend within a shelter
or remain outside of a contaminated area.
The answer depends upon a number of
parameters, such as the criteria estabiished

9
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for maximum permissible cose, as well as
length of stay within the area of contamina-
tion. With knowledge of the magnitude of
the raciiation levels present and the rate of

* deeay, (t)713, it is possivle to plan and

cxccute a short stay even in a highly con-
tamincted area. Planning for continuous
occupancy regnires more extensive anal-
ysis. The following data may aid in such
evaluation. :
‘T'he fallout ipap and Table 11 suggest th
degree of radiation exposure received in
continuous occupancy under normal living
conditions beginning with the time of ini-
tial fallout. For those entering the con-

taminated zone four months after the first

fallout, however, and then living there
indefinitely, the area encompassed by the
50-r cflective biologica! isodose line will
have chrunk from about 235,000 to 2,500
square miies. At such time (four months
after fallout), an area of about 1,000
square miles within the 50-r isodose line
might have the highest residual contamina-
tion, amounting to about three times the
dose rates at the peripkery. The 03 r
fer week out-of-doors isodose-rate line
mizht extend to about the same position
¢s the Lne marked 50 on the map.

As one attempts to extrapolate such
data tc onc year after fallout, the analysis
becomes still niore difficult and uncertain.
The data suggest, however, that if retuin
is postponed to one year aiter fallout, the
50-r efiective biological isodose line will
have disappearcd. Qu the basis of these
coiiservative estimates, the 1,000 square
miles of highest contamination might have
an out-of-doors dose rate of about 4 r per
weck after one year. Similarly, personnel
might accumulate a dose of about 100 r for
the first year following exposure and an
additional 90 r over the next three years,

‘independent of the biological recovery fac-

tor. It is to be expected that this factor
would be relatively great for such long
periods of time, thus reducing the effective
biological dose below 350 r. The 03 r
per week out-of-doors isodose-rate line
might encompass an area somewhat larger
than the line marked 400 on the map.

® i tmsmcmmcme e s -
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(The weathering factor for the islands in
the Pacific has been greater than the as-
sumed value for large land masses, so that
at one year the out-of-doors dosc rate on
these islands was lcss, by a factor of al-
most 2, than would be predicted by tie
method suggested here.)

The forcgoing aualvees are bascd on
passive factors only, not taking into ac-
count the actions of perscns themselves in
reducing contamination. If, for exampie,

- a permanent return into an area were post-

poned for one year after fallout, the radio-
logical situation would probably have bcen
adequately appraised, and decontamina-
tion operations initiated. Moreover, with
the return of a populace into a known con-
taminated area, more than normal pre-
cautions inight be expected in regard to
occupancy of the more protective types of
buildings and reduction of time spent out-
cf-doors.

It appears not unreasonable to assume
that the theorctical cut-of-doors dose rates
for the arcas of highest residual contami-
nation, calculated by means of the extrap-
olations given above, actually might be
many times reduced. The data thus
suggest that, with this type of detenation,
continual occupancy even of the most
heavily contaminated area need be pro-
hibited for only about one year.

The task of evaluating radiation expo-
sures from fallout is fraught with uncer-
tainties, and one instinctively shrinks from
proposing criteria based on such variables
and intangibles. Yet we would be doing
ourseives a disservice if we did not attempt
an analysis of the relevant factors and in-
corporate them into some conceptual
scheme as indicated here. The analytical
approaches, and certainly the quantitative
values suggested, are not to be cousidered
precise but are intended, rather, to give
order-of-magnitude estimates. It is be-
lieved that they are, in general, conserva-
tive, t.e., they do not underestimate the
potential hazards involved.

Division of Biology and Medicine
U. S. Atomic Encrgy Coramission
Washington, D. C.
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SUMARIO

Pavtas para Juslipreciar las Exposiciones

Desprendimiento Consecutivo a las Delonaci

‘Repisase aqui el problema de la radia-
ci6n gamma externa emitida después de de-
positarse en la tierra el material lanzado.
* Las exposiciones a la radizeién proce-
dente de un campo de desprendiiniento dis-
sepan de la mayor parte de los experimen-
tos de laboratorio con respecto a la geo-
mciria y al espectro de energia, lo cual hay
quc tomar en cuenta al valuar los efectos
bioldgicos. Adeinas del factor de decaden-
cia radiolégica, los efectos se ven afectados

G amma Procedzntes decl
r.es Nucleares

las Ra ad iacinx

por la exposicién al aire, el resguardo (como
por edificios y terreno) y el tiempo de la
dosis. Utilizando estos factores, se vircce
un diagrama idealizado de desprendimicnto
para una explosién supcrﬁuul de mucho
rendimiento, indicando zonas de diverscs
grados de contaminacién. Las medidas
protectoras corresponden a cuatro tipos
distintos: (a) resguardo, {b) evacuacidz,
(c) trancscurso de tiempo y (d) desconta-
minacié.
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The criteria end proc-durses set forth in the following paragragh

4.,...5 '% r
k .

g

3

vere ectablished after full consideration for protecting the hualth ard

1
3
welfare of the public, both in terms of radiological exposure as well as

possible hazards, bardships or inconveniences resulting from disruption %‘

of norral activities. Criteria ere established as guidas for the Test

Crganization in determining vhather any speciel ecticne chovld ba taksn

to protect the rublic, »

Vith improved methods of predicting fallout and with the vez of
higher towers for detonating the nuclear devices, it is expected that
fellcut in populated areas from futurs tests st the Nevada Tost Site
will be lcss then the highsst avounts thch have occurred in the past,

Two basic sssumptions are mode in this report:

sion of Military Application, with the technical
guidance of the Division of Biology and Medicins,

f"'iﬁz‘ g sz.

a. It is the rasponsitility of the Divigleon of U W
Biolccy and Medicine to estzblish such eriteria and Vo % %
procedures for tha Atomde inergy Cozpisaion as i§¥ § #
Geemed nscessery to protect the health and welfare E}}o g S
of the general populece f{reca cons:gquances of wesapeons ;ijj g i
tests conducted at the Nevaca Test Site. SR
_ 6 %%

b. The operational proccduves edopted for meeting %\ § ‘§
these criteria and procesduress shall bs the responsi~ : % A
bility of the Test Manager, as directed by the Divi- J % ﬁ% 3

The following criteria do not apply to domestic or wild aninals
since levels of radiation which would be significant to them would
bave to be higher than those specified herein.
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CRITERIA 1

Evacusticn

Introduction

The decisicn to evacuzte & comrunity is critical for two principal
reasons, One, presumably there might be a health hazard if the person-
nel were allowed to remain., Two, there is alﬁays an element of danger
and/or hardship to personnel involved in such an emsrgency measure.

It is recognized thet extenusting ciromstances may accompany any
situation where conditions indicate evacuation es a mocdes of action,
The size of the commity, arecs end eccommcdations avallsble for the
evacuees, means of transportation and routes of evacuation, disposition
of ambulutory cases, protection of the property left behind, andbmany
other factors may enter into the decision relative 1o evacuatien.
Further, it is recogrized thet under certcin cenditions, the evacuation
of a community might not cxmly prowve rether ineffectual but could resulﬁ
in rore radiation exposure thon if the pepwlation remained in place
unless the situation be edequately evaluated. A blanket evaluation
cannot be made in advance; each situstion can be unigue, The follow-
ing criteria therefore are suggested as galdes in assessing the pos-
sible radiological hazards; the final decision must be made on the

basis of all relevant factors knowun at the time,




’ Criteria
Table 1a summarizes the radiological criteria to be used in eval-

vating the feasibility of evacuwtion.

RADTOLOGICAL CRITERIA FCR EVALUATING FRASIBILITY OF EVACUATICN

Effective Biological Dose*® Minimum Effective Biological Dose
Calculated To Be Delivered That Must Be Saved By Act Cf

IJn A One-Year Period Fol- Evacuation (Otherwise Evacuaticn
douing Fellout ¥ill ot Ps Indicated)

Up to 30 roentgens (Ko evocuaticn indicated)

30 to 50 rcentgens 15 roentgens

50 roentgens and higher (Evacurtion 3indicatsd without

regard to quantity of dose that
might be saved)

*The Meffective biological dose" is an ectimate of a biolegicel
"lamage" dose, taking into account ike J:rth of time for delivery

of a given dose, and ths raduciion cf Cuue due to (a) shieldin
affordsd by tuildings and (b) ithe process of weathering,

-~
=
(=4

The rationale for teble Ia is a= follows: The total effective ti-
ological dose tkat would be raceived if evacusiion were not crdered.is
obviously & deierminine factor, 4nother consideratiion is the fact that
such an action as evacuation could be dangerous to the individuals ard

could also possibly be detrimsnial to a very necessary nationsl effort

of weapons davelopment. One must then ask, "Just how much will be geined

(radiation dose saved) by evacuation?" Estimates of these two variables
are indicated in table Ja. Thus, a populace may receive up to a calcu-
lated 30 roentgen effecxtive biological dose in one yeasr without indicat-

ing evacuation; from 30 to 50 roentgens, evacuation would be considered




only if atAleast 15 roentgens could be saved ty such action; and at 50
roentgens or higher evacuetion would be indicated without regard to*the
possible savings in radistion dose.

In maeking a rough estimate of rediatic: doces, one may calculate
r. theoreticsl maximu: infiniiy gamre dose end then crbitrarily divide
by some number such aé 2" for en estirate of dese actuaslly recsived,
Whereas this may be satisfactory as a first approximafion, a more
accurate estimate:should be atterpted, especially when dealing with
doses that might constitute & health hazard,

Oving to the rocessity cf meking early meesurerents and decisicns,
it Is to be expected that dose~rate readings, teken with curvey ::aters,
vill be the available evidence at the times of concern. 7Tsble Ib suz-
marizes the pesrameters considered in estimating an effective biological

dose based on dose-rate rsadings,
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PREDICTING EFFECTIVE BIOLOGICAL DOSES FRCHM DOSE-RATE READTHCS

Ao B Ce. D..
Theostic o
Mexiora o e
{(Fazmad on Atoruntion Iffcctlvs
Bist beti-- end Piclogicsl
pated late Biological Weaiharing  Dose Fueior
of Decay) Faclox Feolor {ColuupExC)

From time of fallout .
until time of evacu- 1/1 1/2 1/2
aticn

Frem tine ¢l evecu-
ation o tize of 3/4, 3/4, 1/amks
returit

From t7.2 of retvm
to & tiru 15 deys 3/4 3/ 1/zxu8
after initiasl fallout*¥ '

From 15 fzys until
ouz »e- - - finr 2/3 1/2 1/3

$rdiily ol lout

%#This .- .irzle is bacad on tre concent that 1L gvarusiion
were o o cesomplishad, thon e czritain rao

would o coewaiev:d over he revicd of

Jericd =1luo reprosunts bz radiation aese

sccon;tizhed, )

®¥%This essusnzs that the time of reiurn occuvrs vafore 15 Gevse A poriod
of 15 dzys was seclected to provide a dividing point tetween the tine
of 3pitiel exgosure from f@llcut to a time one yeer laters The 15
deys Lrs o unlaus eirnificancs otbesr than providing & basis on vhich
to esiimate the bioicgicel feclor.

%¥%xThe velue of 9/16 has been rounded off to 1/2.

phebi




L e ST e e
R .=

At a lator time after fallout, better estimates of radiaticn coees
received may be obtained from film badge readings or dosimeters. If
these £ilm badges or dasimeters ave worn on personnel and theAcvdﬁ:nce
of thelr ﬁse supports the view that the readings are a repsonebly nccur-
atoe account of the radiuilon dose vzoeived thin the valuzs recorded on
the film badge or dosimeter may be accepted with a corrcction factor of
3/4 to account for the difference between the dose received by the film
badge or dosimeter (including backscatter) and that received at the
tissue dcpth of five centimaters. mevle Ie may be uszd in estinaliug

the effcctire ticlogicsl dease frem £ilm badge or desimzler realinise

As B Ca De E.
Effective L
Biolo:icsl Tial
Loge oo

Feom tine of £210~
cut vntil time of i/1 34, 2/
evecuation

From tine of re-

iturn to 15 deoys 3/L 3/4 .
efter initiel

fallout

From 15 days until

one year after 2/3 3/4 1/2
initial fallout

£The value of 9/16 has been rounded off to 1/2.
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Discussion of the Bioleozicel Facior, As longer periods of time are

involved in the delivery of a given radiation dose, lesser biolog~-
ical effects may be expected, From the tine of fallout until thre
time of evacuation protebly wili be a matter of hours, which kas teen
considered essentially en instanienecvs dose, i,e., the biclogicel
dose factor is 1/1. From the time evacuation could be accomplished
to time of return‘probably would be a matter of several days, so the
biological factor has been estimated at 3/4. TFrom 15 days after
fallout until one year Jeter is essentizlly e duration of one year,
so the biologicel fazcter hes been estimatod ot 2/3. It will be poted
thers is no calculaticn afiter cone rear, because it is expected under
actual conditicns of radiologicel cecay and weathering that protably
no significant dose will be delivered after a year's time in populated
sreas around the Nevada Test slu-o

It is recognizzd thsi ths przelse guantities suggested for ihe

N3

biological factor cannct t:= supporied by conclusive evidence. It is
reasonzble to expecl tlat {ze delivery of ¢ given radieticn doze over

e period of many days will heve less biologicel effectiveness than an
instantaneous one (neglecting genetic effecis) ‘and thet the extenzion

of the period to essentially one yeer should yield a still lower tiol-z-
ical factor. One piece of supportive evidence is tkhe work of Strandzvisti*
where X-ray doses to tke skin were fractionated into daily amounts, and L
the biological effects compared to a one~treatment dose. A log-log

plot of total doses versus days after initial treatment yielded straight
lines. For example, the curve for skin necrosis indicated a ratio of
3000/6700 roentgens for a one-treatment versus 15 daily equally frac-
#Sievert, Rolf M. "The Tolerance Dose and the Prevention of Injuries

Caused by Ionizing Radiations™. Pritish Journal of Radiology, Vol. XX,
No, 236, Aug. 1947.
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tionated doses. Cf conrse, cdaily radiation doses recelived from fall-
out are not equally fractionated so that the ratio would be in the
direction of unity. Day-by-day doses delivered from fallout from the
15th day to one year are more nesrly eguivalent than at early tixzes
(ignoring the weathering factor). Strandgvist data do not extcid
beyond 40 days and it is quesiiocnabtie to extrapolete his data in =n
attempt to derive a similar ratio as above based on one year, since

other uncertainties are so great, i.e., effects of weathering as

Lty ned o«

affecting the rate of dose delivery, etc. e ratio would presum—

ably ts farther from unity then for & 15-day pericd, The skin is a

relatively rapidly repeired orgat azrnd thus may tend to over~eiy i asice

the cffects of fractionation uhen considering whole-bedy gaenae Joses®,
Cronkite reports**

"In the dog, with cobalt gamma rays, the 2+ . that w
50 percent of the dogs in a thirty-day ¢ ‘ when 4
in a zingle dose 2t youghly iS5 r per mir

275 v, Alter this d'sﬂ cf rediation tk:
uithin & pericd of 7 to 10 dzys and deal il
ighth and twenty-fifth czy, h,“O“Iha_c, t
p;o,:"d ar.eniz ere prevalant, f tne < < ddeere:
100 » per Gay given over e fourieen-hou -3, o2
dose i3 increaszd to £00-800 T Lrier : emdidiens,
aninals die in approxirately the same Io 2f tipe wvith
identical manifestations. If the expor: : ‘¢oppuu t2 25 r
p2r Gay glven over a {curteen-~hour peri: > lethel cose is
then increased te well over 1200 =, and . g.ptors end
findings are chenged.™
One problem in such experiments is the eval: .1 of poseitlility
that the animals may be virtually dead while the . :sures are con-
- tinued. This might be illustrated in experiments .ing the burro

where the daily doses of 400, 200 and 100 roent: riven to three

separate groups required 3600 to 4000, 280V to 3. and 2000 to

¥See Addendum, page 28,

*¥Modical Aspects of Radiolosizal Defense, Cronki , E. P. Lecture
to Federal Civil Defense Administration, Regicr:. “unference of
Northeastern States of Radiological and Chemica’  .i'ense, New York
City, October 22, 1953.
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2600 total roentzens respectively for 2Q0 por omnt lethallty™,

Experimental data reported by Boche** are summarized below.

Ko. of se per Do e per Survival Totel Dose
Daye . Dav (). Heni {x) Tinn () —
20 . 10 60 . 2L 1440
10 6 36 83 2968

Unfortunately normal survival tizes were not given nor were ih2 agss
of the animals (dogs).

Blajrk## has taken the two points from Boche's data, inserted
these into his (Blai;'s) equation relating reparable and irreparable
damege. The ratic of instaniznecus dosgs te 15-dey dosz is 350/450 or
0.78, and Tor 4 minths doze eboul 350/575 or C.67.

Bleir suggests that ¥The points ere too few 1o determine the
constants (of ils equation) with any accuracy bul should at lesst be
4n the proper range." However, the constants of his equation have
ehecked well with nore extensive dala on othsr enimals. His cquations
iriiceie Lhal the rate of recovery of ropniatle j“‘uf" is fr:test in

we moust (ef the topes of mammals select ), 5001t onz-half ~c fasi
3n the rot and atcub ene-seventh as fast in the gpelnea pig snd aog,
but &s Bloir pointsd cut, the reaction of the dog is more repicsente-

tive of the largsr, longer-lived aninals,

¥UCLA-295. Regprnge of the Purro %o 102 r Fractional Whole-Tody Gerna
Ray Rodisticn. Haley, T, J. et al, June 10, 1954. Unclassified.

#%MDDC-204. QObservations on Populations of Animals Exposed to Chrenig
Roentren Irradiation., Boche, R.D. 1947. Unclassified.

®*#UR-207. A Formulation of the Injurv, Life Span, Dogse Relatlons For

Ionizing Radiationse II. Applications to the Cuines Pig, Re%, and

Doz, Blair, H. A. July 3, 1952. Unclassified.
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fallout uniil the time of evacuation it is expected that personnel will
bs kept indoors. (Sse Criteria II.) Majior lecsses cue to weathuriag
can not bz relied upon during this psried, so that the estimatcc I
is 1/2. From the time evecvation could bwve been accomplishad until <he
time of estirated return it is essumed that psrsonncl will b dndocrs
about half of each 24 hours and that major losses due to weéthering

can not be relied upon. The over-all factor is thus 3/4.

The sane reasoning applies to the third period of time, i.z., from
assumed tizs of return to 15 days after fallout.

From 15 days aftsr £av7 % vntil one yoor later 4t is ostinatsd
that the atitenuation due to bolldings end
will yield an over-all factor of 1/2.

ce rate recadings have becn taken with survey meters ouilzide end
inside of houses eround ibe lMevaeda Tast Site =fi-r £alloutl occurred.
"The ratio of readings varied with the tyge of coustruction of he
house snd with the locabtion witidn the boildinz.e Generally, 1o rall
of readinzs cutsica o irsid: a frare house was aboul 2/1 viih a somaubod
greater differencs for masonry construction, 4 limited munber of {ilm
badges were placed outside and inside of soms houses during Trmhler~

(Lo

i-

Snapper ond elso Upchot-Knoiholsz, In the first case, the dizdle
in total doses was again 2 to 1 or greater but during Upshot-Encthole
only about a 20% difference was noted, In fact, in one case during
Upshot~Knothole the film badge inside read higher than outside. The
differences betwesn these experimentsl data will have to be investigated

during future operations.

B L

P
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The very patura of the swieathering frotor nakes tlds a diffiemit
parameter to evaluate. The protability of occurrence of precipitaticn
and/or winds and to»whnt degree has to be estinated as well as their
¢ffects on radistion lev:ls. Leaching effccts ware studied on soils
about 130 milss from ground zsro where fellcut had occurrcsd during
Upslot~inothola. Dose rate rea inrs were insignificantly louwar ihon
those predicted by radiological decay according to t’l'z after a
pericd of more than one year. One example of the effects of winds was
obezrved during Upshot-Encthole. The fallout from the March 17, 1953
detonation vas iz a long zarrow patlsrn to ko east of grounl 2aI0.
Tpe sxcoud Gay afier fzlicut a rather sireng swface wird bicw
edrost al, risht ansies scross the crza, fer atout o veriod of a day.
Duse rate readings were teken on the first and fourth days at ike

me locaticns tnd then were ccmpared. The fourth day done retes

vera Joss, by factors of ihvee to six, then ilase "o be expected fron

. < v s ” . . le? s
the fivst d.vs rsadings, baszd on sate of detuy o B

R w=ty

fe)lout monsurenents indie-ted thsd lhe roic of 7 s of thiz I:3loub
roteried wes not signilizantly dififcrant froo £} Beranurs of tla
piysicel conditions descrited above, these reduw. ; in contumination
probably are rear the upper limit to be expected = 1 wind.

Operational Feasibility of Crit:

It is not the intent here to discuss operatil-..al procedures, but
it should be indicated that the computing of rad’ _ion doses as reccm=
mended in Criteria I is a not too difficult teck. .l one ussuses a
t-l'z rate of decay as a first approximation, then a single graph of

dose rates versus times after detcnation can be ¢: .:ctructed that will
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represent a 30 roentgen effrctive biologicai dose for one year., an ad-
ditional family of curves can be made that will provide the answers to
ths parameters of how much time would be evailable before evacuation
and of how long a time pergmnnel would have to remain cut of thz radi-
ation erea in order to provide for a savings of at ls=ast 15 roentgeus,
The highzst vhola=body Jimua dose recorded for any localiiy wiozo
persomnsl were present outside the Nevada Test Site was at Riverside

Vpshok-
Cabins, Nevada (about 15 people) following shot number seven of ?égzlep-

k o‘f‘h"
Ségp;e?: The msximum theoretical infinity gezmm= dose was estimated to

be 12-15 roznigans.
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Persgonnel Prmaiping Tndcors

Whan the germna dose rete reading as reasured by a survey rater
beld thres feat sbevwn the sround rieches ihe values given In Grouh 11
at the timss indicated; it is rvcoumended that personmel shall b
requested to remain indoors with windows and doors closed, Release
from this restrictive action should be made on the basis of further
evaluation of the rediclogicel conditlons.

In the event that {thsre te convincing evidsonce that the rolliation
levels given in the graph will Le ragehod, it 1o recor=ended th:at

pcrson“al te requestsd to rermain Imdosrs BOICID fellout cceurs oo

. before the radiation levels egqual those in Graph II. Release from

this restrictive aciion skould be :ade on the basis of further evel-

vation of the rediolingizal conditicons.

It is recommondsd tat poonic i kad teen ouledf=doors during
fellout of ithe elove azomiiuds or praslor te edvieed to change clothin
and to bathe, The clothing ay L2 :leaned ty nornal means, Vhils
bathing, specisl etisrnticn should te paid to th2 halr and any cwiposed
parts of the body.

In the event that ihe moriloring tekss place AFTER the failout
bas occurred, and extrapolsation of the desez rate readings egqusls or

exceeds those in Graph II at the estimated time of fallout, then it is

recommendsd that the ‘same advice be given as in the preceding paragrapb.
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Personneld Rezaining Indoors

DISCUSSION

The actiosn of reguesting persomnel to ruimin indoors is iredlcated

L
=
(ll
£

on the principle that the radiaticn levels cie telow thosz establish
for evacu-tion and *rat this sciion couwld reduce *re mmount of comiiz-
ination of personnel and reduce somawhat the whole-body gamna dose.
(See Appendix A for estimates of reduction in whole~body gamma dose. )
The aetual "savirgs" heslthwise heve to be balanced against possitle

adverss public reactisn.

sa

The principal gzin in reguestlng psrsc srmel to remain Indcers 1s

to prevent or raducs the zmoual o gtasic dcbris thoit may sctnslly

f2ll on the body or clothing., Since the pezk of fallout usgally occurs
ghortly after the start of falisut, it is important that proupi decisions
erd sciions by ta¥en, Teus, by nececsiyy; the most practical criteris

wulam Vi -'.nh +oy rom n d'_n:"i o e TR Sac+ 3t Y- Tobk obd esh i, poaa
pon waich 1o fnse a coelsldl ave gemza SATT yate ISallingsy WAACo LUS

2. 4 PR T S - ) [ -« Falii ] L
in turn related to o the amsunt o1 Zaldou

Pata Dose To Sfxin

The most irmediate solution micht be to establish lower permitted
dose rate icvels at leter tines after detonation. EHowever, i & series
of dose rates zre gstablished for inerenzivg tinmes after detonailon =0
that their relationship follows t™>°2, then the doses delivercd in X
hours (before the material is washed off) will be greater for earlier
times after detonaticn. If one were sure of the {ims that the fallout
material was to remain in place, then a scale of dose rates versus tize
after detonation could be made to yield the same total dose over the X
hours. Since there is obviously no set tims period for duration of con-

-15 -



tact that would be valid for all cases, one might assume the worst case
vhere the material remains in place until its activity has decayed to
an insignificant level. Dose rates could then be approximated, to yield
a given infinity dose, by:

D = 5At where: D = infinity dose
A = dose rate at time "t".

If the above discussion is accepted, then the remaining question
is to set the infinity dose., Here, we must be clear that whereas the
measurements taken by the monitoré, and the data upon which action will
be decided will be gamma dose rate readings, the point of principal
concern is the beta dose delivered to the basal layer of the epidermis
(assumed as 7 milligrams psr square centimeter).- The ratio of emission
of beta to gamma is é function of time after detonation and follows no
simple relationship., Further, this ratio at any given time after deton-

ation has not been firmiy established. One report* suggests the follow-

ing data:
I Time After Detonation Beta/Gapma
72 hours 157/1
168 hours 156/1

These data were obtained from a cloud sample, ratber than actual fallout
material, and were a measure of surface dose on a plaque using a "dosi-
meter type beta~ray surface ionization chamber."”

The method of collezition suggests the possibility that the thickness
of materisl on the plaques may be less than that to be expected from the
amount of fallout that would be of concern when estimating probabilities
of beta burns. This would result in a different angulaf distribution
of the betas influencing the beta dose rate in the direction of a higher

value for the plagues.

¥WT-26. Scientific Direcior's Report, Annex 6,5. "Interpretation of
Survey-zeter Data", SECRET.
- 16 -



Anotker report* indicates a beta to garma ratio of 130 to 1 based
on theoretizal conputations. A third report®** suggests a radicall
lower ratio: however, there may be some doubt as to its conclusions
since the ionization chamber used to measure gammas only, had a wall
thickness of 1 mm of bakelite which n_,.,excluded a sméll part of ike
total gamma dose present, as well as a lerge, but unknown, fraction of
the beta."” (The range of 0.35 Mev betas is about 100 mg/cm? or approx-
imately 1 mm of bakelite.) For our discussion here; we will assune a
surface beta to gamma ratio of 150 to 1l.

In estimating the bteta dose to the basal layer of the epidermis,
one may refer to the work of Henriques#*#*¥*, He exposed the skin of
Chester White pigs to plaques containing different radioisotopes.
Pertinent dats are abstracted as follows:

Surface Dose Required To Produce Estimated Amount of

Recognizable Transepidsrmal Rediation That Pene-
. Injury (Roentgen-equivalent- trated Skin To A Depth
Iag%gpg Energy Leta) . of 0,09 rm, (reb)
Yttrium* 1.53 1,500 1,200
S0
Strontium’ 0.£1
Yttrium® 2,200 1,500 1,400

The average maximum energy of the beta particles from fallout mater-
{al varies with time but will be assumed tc be roughly comparable, in
respect to depth dose, to Yttriumgl or Srgo-Ygo. Since the gamma dose
at a depth of 7 mg/cm? would not be significantly different from the
surface garma dose, the ratio of 130 to 1 for beta-gamma will be assumed

at the basal layer of the epidermis.

supn Estimste of the Relative Eazard of Beta and Gamma Radiation from
Fission Products". Sullivan, Williem H., NRDL. April 1949. CONFIDENTIAL.

¥»JKP-37, Project 4.7, "Gamma-beta Ratio in the Post-shot Contaminated
Area". June 1953. CONFIDENTIAL-RESTRICTED DATA.

#x3"Effect of Beta Rays on the Skin As A Function of the Energy, Intensity,

and Duration of Radiation". Henriques, F.W. Laboratory Investicationa

N allal h¥al |



Zahe experiment with sheep, using Sr9o-290 plaques, showed that
2500 reps at the plagues' surface produced ulceration in one but not
another of two sheep.* On the other hand, 1000 rads delivered to
tissue depth of 7 mg/ém2 from a P2 one inch diameter disk (type of
animal not stated) produced tanning, prolonged erythema and desquam-
ation.*ﬁ7
it is to be remembered that the above discussion was first based
on surface gamma dose rates whereas the monitors will be making their
gamma measurements at a height of three feet. Past field experience
has indicated that the gamma reading from jonization-type survey meters
at ground level is about 50% higher than at three feet, Therefore if
it be assumed that a ground level gamma reading of a survey meter is
equivalent to a surface dose rate, the ratio of béta dose rate at
7 mg/'cm2 to gamma dose rate at ithree feet is about 200 to 1.
- Another approach to estimating the ratio of beta dose rate at
\P mg/'cm2 to gamma dose rate at three feet is as follows, Assuming a
uniform distribution of 1.0 megacurie per square mile of gamma activ-
ity, the dose rate reading from an infinite field is about 4.l roent-
gens/hr. *** Calculations given in appendix B indicate that a like
concentration of fallout mﬁterial will produce about 430 reps/hour at
7 mg/bm?. This suggests a beta to gamma ratio of about 100 to 1 which
is about a factor of two lower than the first approach. Added support
to this latter method of estimating beta doses is found in appendix C.
Such considerations may be fraught with pitfalls. For example,

‘the above discussion implies a uniform distribution of fallout

#MComparative Study of Experimentally Produced Beta Lesions and Skin
Lesions in Utah Range Sheep", Lushbaugh, C. E., Spalding, J. F., and
Hale, D. B, 1ASL, November 30, 1953. (UNCLASSIFIED)

#¥HW-33068., A status report. September 15, 1954. (CONFIDENTIAL)

***Effects of Atomic Weapons. 195V
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material. Obviously, this is not correct but how far this deviates

from the facts and to what extent this influences the results is diffi-
cult to assess. Calculations indicate that the production of recogniz-
able beta burns from a single particle requires a high specific activity.
(See Criteria III for discussion.) It may well be, however, that the
particles of fallout are close enough to have overlapping of radiation

fields and thus requiré significantly lower specific activity of the

e

particles to produce beta burnms. This hypothesis has support in that o
even the most superficial beta burns of the natives exposed to fallout
following the March 1, 1954 detonation showed a general area affected

rather than small individual spots. On the other hand, the cattle and

borses exposed near the Nevada Test Site showed burns over areas only
about the size of a quarter. Even though these may not have been pro-
duced by single particles, they do represent less of an area effect
than suggested for the natives. Also, radioautographs of the fallout
in areas outside the Nevada Test Site suggest the occurrence of indivi-
dual particles with non-overlapping of radiation fields. However, in
nearby areas where the faliout was relatively heavy, there was a
definite overlapping of the fields.

WITH OUR PRESENT KNOWLEDGE IT SHOULD BE STATED THAT DUE TO THE
PARTICULATE NATURE OF FALLOUT IT WOULD NOT BE POSSIBLE TO ESTABLISH
REASONABLE AND OPERATIONALLY WORKABLE CRITERIA THAT AT THE SAME TIME
WOULD GUARANTEE THAT THERE NEVER WOULD BE AN OCCURRENCE OF A BETA BURN.

If one were to accept the assumed beta to gamma dose rates of about
100-200 to 1 (measured under the conditions given above), this might
mean an infinity beta dose of 1000-2000 reps to the basal layer of the

epidermis when the whole body infinity gemma dose was 10 roentgens.




_,
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of coﬁrsg, the fallout material may be removed before the infinity dose
is délivered; yet, on the other hand, it is no* improbable that it could
remain in the hair for essentially this length ;f time, In the case of
& one-hour fallout, almost one half of the dose would be delivered in
the next 24 hours. V

The efficiency of a surface for collecting and holding the fallout
material is important. It is not surprising that the highest dose rate
readings as well as biological effects were noted on the hair of the
natives and also on parts of the exposed body where perspi?ation was
present. Further, it was observed that even one layer of light cotton
material was sufficient to protect against beta skin damage in most
cases®, This was due\probably not to the relatively small attenuation
of the betas by the clothing but rather to the physical situation of
bolding the radicactive material at some distance from the skin, which
effect would be relatively large.

An added consideration is the possibility of high beta doses
delivered to personnel from the fallout material lying on the ground
and other surfaces. If the highest degree of contamination considered
under this policy is safe when in direct contact with the skin, then‘
the beta dose from an equAlly contaminated ground will not be hazardous.
(See Criteria III for discussion on unequal contamination on personnel, )
However, it is true that the contamination may exceed the amount to
deliver dose rates given in graph II and yet not be great enough to
consider evacuation. Some personnel may not go indoors and those who
did will eventually be released from this restrictive action and then
may walk around in a relatively highly contaminated area. Because of

the more limited range of the beta, the location of greatest concern

*ITR=923. 3 R Being E .

Sienificant Fallout Radistiop, Cronkite, E. P., et al. May 1954
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ié the lower legs.

_One'report estimates & beta to gamma dose rate ratio of about 75
to 1 at 10 centimeters above the ground.* Under Criteria I it was
recommended that consideration be given to evacuation when the gamma dose
rate reading at three feet was, for example, about 6.2 r/hr at B3 hours.
Réughly, this would correspond to about 575 reps/hr of beta at 10 cen-
timeters. Of course, this activity decays and also it is presumed that
personnel wogld be sent indoors, at least for a few hours. On the other
hand, it strongly suggests that biologically significént doses may be
delivered to the feet if not protected. Skin lesions were frequent on
the bare feet of the natives evacuated dufing CASTLE. This probably was
a combination of beta dose from material on the ground and from that
scuffed up over the bare feet and then clinging to the skin, (No lesions
were observed on the bottom of the feet, undoubtedly due to the thick
epidermis.) It would be expected that normal closed-type footwear (as
compared to open sandals) would afford adequate protection to the feet
from such high beta doses as discussed here.' There is still no guarantee
that beta radiation from material on the ground will not deliver signif-
jcant bioclogical doses to the ankles and perhaps lower legs, aftef per-
sonnel are released from staying indoors. For example, if the beta dose
at 10 centimeters above the ground is 575 reps/br at H£3 hours, it would
be about 250 reps/hr three hours later and 160 reps/hr six hours later.

One further possibility is the accumulation of radiocactive material
around the ankles and lower legs resulting from normal walking about the

area, This is discussed under Criteria III.

¥AD-95(H), Ap E e of the R ve Haz Be Gar -
ation from Fission Products, Condit, R. I., Dyson, J. P., and Lumb,
W. A. S. NRDL 1949 (UNCLASSIFIED)
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Data On Euman Expogures
The work of Henriques* suggests that at the depth of U.u9 mm in

1iving porcine skin (maximum thickness of epldermis) that "l4uu_£3wu
roentgen-equivalent-beta" (delivered over short periocds of time so that
they may be assumed to be instentaneous) ié required to produce recog-
nizable transepidermal injury. The curve of biological damage rises

rather sharply so that at a dose of just under 2000 rep (at 0,09 mm),

the epidermis may be expected to exfoliate and in the majority of cases

go on to develop chronic radiation dermatitis persisting for months.
The preceding discussion suggests that, using the gamma dose rates
listed in these criteria, which are based on am estimated 10 roentgesn

infinity garma dose, as high as 2,000 reps might be delivered to the

..basal layer of the epidermis over a period of time covered by the

lifetime of the radioactive material,

There have beep instances where the calculated infinity garma dose
in areas where personnel were present around the Nevada Test Site have
reached 12-15 roentgens but there -have been no kmown cases of beta

burns in these areas. The number of persons involved in these areas cf

highest contamination was relatively small, perhaps a few dozen, and with

an observed duration of fallout of about one hour it is possible that
they were not in a positicn to receive the full fallout., Likewise,
minute areas of the skin may have been so affected yet not detected or
reported. In other areas encompassing some 2,000 people the infinity
gaxma dose was about eight roentgens and no instances of beta injury

appeared.

*Op, cdts




The éstimated whole-body gemma dose to natives evacuated from the
island o} Utirik following the March 1, 1954 detonation at the Pacific
Proving Ground was about 15 roentgens for a period of about three days,
but no beta burns appeared. It is fair to assume here that direct contam-
ination took place due to their mcde of living including housing that
was quite open to air currents. Gamma dose rate readings were taken over
the bodies of the natives at about H £ 78 hours both on the beach and

after boarding the ship. On the beach the personnel readings averaged

about 20 mr/hr gamma (but this probably included some contribution from
the ground contamination), and after wading through the surf and board-
ing the ship the levels averaged 7 mr/hr gamma,

The 18 natives on Sifo Island, Ailinginae Atoll, received an esti-
mated whole-body gemma dose of 75 roentgens in about twe and a quarter
days., Of these, 14 later experienced slight beta burns, 2, moderate
burns, and none showed epilation. _

In the case of the Rongelap natives, the estimated whole-tody dose
was about 170 roentgens in about two days. All 64 natives later exper-
ienced beta burns to some degree from slight to severe and over half of
the natives showed epilation from slight to severe.

The 16 natives from Rongelap evacuated directly by air to Kwajalein
had personnel gamma dose-rate levels generally 80 to 100 mr/hr although'
one was as high as 240 mr/hr and one as low as 10 mr/hr (at H £ about
55 hours). The remaining 48 natives evacuated by ship were reported to ;;
have personnel readings that "averaged" 60 mr/br before decontamination.
The picture is further confused because some of the natives had bathed

and some had not before the arrival of the evacuation teanm,

-23 -
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Most of the 28 U, S. Service personnel stationed on Eniwetek Island,
Rongerik Atoll, received about 40-50 roentgens, based on film badge read-

ings. Three members of the group who were located for part of the time

in another section of the island were estimated to have received sorewhat

higher doses. Seventeen of the 28 personnel showed only slight superfi-
cial lesions with one questionable case of epilation. It should be
pointed out that the personnel were in metal buildings during some of
the fallout time and for most of the time thereafter until evacuation.
This reduced the direct contamination as well as the whole-body gmma
dose, A film badge hanging on the center pole of a tent at one end of
the islend read 98 roentgens. Calculations based on dose rate rsadings
at another part of the island indicated somewhat lower doses, if person=~
nel had remained in the open for the period of time from fallout (about
H £ 7.5 hours) to evacuation (at about H £ 34 hours)., Upon arrival at
Kwajalcin one personnel gemma dose rate reading was as high as 250
rr/hr &t about H ¥ 35 hours.

The above data do suggest that there nuy bte possible a rough brack-
eting of gamma-beta doses versus beta burns. On the one hand, the
natives from Utirik received an estimated whole-body gamma dose of 15
roentgens and showed no evidence of beta burns. On the other hand, the
natives on Sifo Island, Ailinginae Atoll, received about an estimated
whole-body gamma dose of 75 roentgens with 1/ personnel showing slight
burns, 2, modergte burns, 2, no burns, 3 with moderate epilation, and 15
with no epilation. In additiocn, Roneglap natives received 170 roentgens
whole~body gamma dose, and about 90% showed some degree of lesions and

56%, some degree of epilation.




It is to be recalled that: (a) the natives probably were out-of=-
doors and received the full fallout, (b) the oily hAir, semi~naked
perspiring bodies including tare feet, snd lack of bathing for most
would tend to collect and hold the fallout material, (c) the time of

delivery of essentially all of the doses was two to three days. Furthsr,

it may be speculated that the fsllout on the more distant islend of
Utirik (about 300 statute miles) would consist of smaller particles and
also perhaps lesser possibility of overlapping of radiation fields from
these particles,

Some of the relevant data are swmmerized in table II, Due to the
uncertainty of tb» degree of exposure of personnsl on Rorngerik to the
direct fallout, this group is.not includeds It 1s to be immedictely
emphasized that any comparisons made or implied in the table zre at
the most only semi-quantitative., Table II will be referred to in Cri-
teria III and IV but is included here as a surmary of the data discussed

above,
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RBaat, _Egtirate of Average Dose Rates (mr/br)
of the Islands (Taken at_Three Feet above

W "I NIC IR

‘ -

a5t Esti= thn Ground) and_of Natives (Personnel Read=
rrie of wwg) after Remov o diation Field,
Estimated Whole-body Roth gt Apnroximsiely Same Time,
Time of Camma_Dose Skin
Locatio Fallcut (Roanteens) Fffects Parsonne) Reading Islerd Parsonrel Ratio Approx, Time
Rongelap 5% brs 170 Lesions: a. Majority: 1300 80 16/1 H £ 50 hrs
6 None 80—100mr/hi .
19 Slight et 1454 hrs
22 Mcderate b, Avorane:
17 Scvere 60 m;7g;
Epjlation: at HZ50 hrs
28 MNone Carrected
11 Slight Averares
11 Moderate 80 mr/ .
14 _Severe , S
5% hrs 75 Lesicnss. Average: 410 53 8/1 B £ 52 hrs N
2 lone 40 mr/hr !
1/, Slight at U452 hrs
(very sup- Corrected
erficial) Averoge:
Epilntions 53 mr/lr?
15 None
3 Madarate
Utirik 16-18 hrs 15 Lesionsi Ayorpood_ 110 15 7/1 H # 78 hrs
None 20 mr/hr ‘
Epilations Assumed:
None 15 mr/g;
at_jdzel
1 16 natives evacuated by air to Kwajalein and monitored upon arrival.
2.8 # n " USS Philip and monitored eboard the ship. Data suggest meter readings low by about

50% since natives fron same island read 80-100 mr
3 40 mr/hr corrected to 60 mr/hr according to informat
among individuals nor at different parts of body.

I, Readings taken by monitors from the RENSHAW on th
dose rates from land, A4fter wading to ship, average personnel readings werse 7 mn/hr,

awcnmT

/hr at Kuajalein some f
ion in footnote 2.

e Utirik beach where there may have

our hours later with calibrated meters.
Report did not Indicate range of values

been some contribution to
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The data on animal exposures are less firm than those for humans,
Unmisteolnble beta burns occurrsd on cattle at Alamogordo in July 1945,
on cattle at ths Nevada Proving Grounds in epring 1952, and on horses
in spiling 1953. (The skin damage observed cn sheep in the spring 1953
was not cstablished to be beta burns.) However, the cxact positions
of the animals in relation to known amounts of fallout are not clear.

Following the last detonation of the spring 1952 series at the
Fevada Proving Grounds, about one half of a kerd of 150 head of cattle
vere found to have evidence of beta burns, Taey wero thought to heve
been 1520 wmilcs from ground zero in Kawvich Vallcy to the morihcast
end to have been exposed to falloub froﬁ tho last detonation., Fighest
dose rate readings taken slong a Girt road running lengthwise thwough
this valley integrated to 75-100 infinity gemma doses.

During Upshot-Fnothole, 16 horses showed sikin leslons over the
beck oud eye dnmnzo was noied in a few., The best evidence indicatad
that the horses wéra sone 10-12 miles to the cast of ground zero on
17 March 1954, where the fallout occurred irom the first detonation
{ebout 15 KT on a 300 foot tower). Radiaticn levels in this area are
not knovn with certalnty but’the fallout occurred in a narrow band
and was carried by relatively high velociity winds so that it probably
fell on the horsés at a time less than one hour. If so, probably

more than one-half of the infinity dose was delivered during the next

day.
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ADDENDUM
Since the original discussion above was written, further considera-

tion has been given to the work of Strandgvist and others* on the effect
of fractionsticn of doses delivered to the skin end the omset of the
obscrved resulis. It will be recelled (pageJD) ﬁhat X-ray doscs to the
skin were fractionsted in equal daily amounts, and the blologilcal effects
compared to a one-treatment dose. A log-log plot of total doses versus
days after initial treatment yields straight lines.

Basically, this means that as doses are being delivered to the skin
a Qert;in rete of repair is tsking plece. The over;all effect night be
that higher initiel doses from fallout matefial right be allowcsd than if
onz were 1o intezrate the dose over a period of time without considera-
tion for ths repsir. Fecause of the difference in shapes of the iotal
beta dose curves for varying times of initial fallout versus Strandgvist
X-ray curves the difference between the two curves cannot be expressed
as a sinole relstionship,

Strendgvist quotes a 1000 roentgen dose in cne treatment o pro-
duce erythcra using X rays (a somewhat smaller mmber than other data

quoted sbove), 1250 roentgens if divided into two equal dally dfoses,

1450 roentgens i divided into three equal daily doses, etc. OO course,

there are differences between these X~ray doses and beta deses from
fallout materiel such as differences in doses at increasing depth of
tissue and the fact that the X rays were delivered essentially as an

instantaneous dose at intervals of a day while the beta dose rates are

assumed to follow the tfl'z. However, accepting the assumptions of

biological equivalence of these roentgen and beta doses and t'l'z,

*Sievert, Rolf M. "The Tolerance Dose and the Prevention of Injuries

Caused By lonizing Radiations". JBritish Journal of Radlologv.
V.XX, No. 236, August 1947.
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one may then ask the questicn, "What will be the teta dose rates at
varying times after detonation that the contamination occurs such that
the integrated doses to the skin will at no time equal Strandgvist
curve for erythema?"

For eerly follout times the limiting fector will be to keep the
first day's beta dose telow 1250 reps; for later times of initial
fallout the first day dose may be less than 1250 reps but subsequent
accumulative doses may be greater than Strandgvist curve. A family of
curves was prepared of beta dose rates versus time after contamination
guch that each would meet but not excced Strandgvist curs.. for erythema
for times oub to 40 deys then,; based on the discussion contzined uncer
Criteria I, & conversion factor of 125 was selected to converi beta
doss rates at & depth of 7 mg/cm2 of tissue to germa dose rates at
ihree feet sbove an infinite plane, These gamma dose rates are
plotted in appendix C(a).

If one accepts all the assumptions that go into preparing this
curve, then cne does ant have to estimate the variable of how long the
frllout raterial was in contect with the skin, for the curve cuggests
that as long &3 the initial indicated gamma dose rates are not reached
then erytherz might not be expected to appear, (However, this approach
st111 docs not give assurance that gingle hot particles will not |
produce erythema,)

Generally, the gamma dose rate readings in the curve [;bpendix C(al7
suggest theoretical maximum infinite gamma doses of about 20 roentgens
for a one-hour fallout, to about 55 roentgens for a two-day fallout.
For those early times after detonation when relatively heavier fallout
might be anticipated, this infinity garma dose is two to three times
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greater than the 20 roentgens.which vwas used eas & basis of developing
criteria II. However, there are two further considerations. One, the
interpretation of the data and certainly the assumptions made in devel=~
oping the curve in appendix C(a) ere open to discussion. Two, if one
eccepts the inteorpretations sand assumplions it reans ¢ safety fretor of

two io three - not an unreasonable quantity,
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Operational Teasihility
Under the criteria recommended in Criteria II, there would_have
. been two occasions in the past where personnel would bave been reﬁuested

to remzin indsers. COnce was at Lincoln Mine following the second deton-
ation of Upsrot-Knothole vhere they were so requssted to remain Indoors
for two hours =ud the other occasion would have teen at Riverside Cabins
(population about 15) following the ninth detonation of the same series.
The doss rate reading at Lincoln Mine was 580 mr/hr at H £ 2. In the
case of Riverside Cabins, however, the radiological conditions were not
ascertained until after the fallout bad occurrcd. The maxirum infiniiy
gamra dose in the latter case wes 12-15 roentgens.

Persounel were requested to remain indecors (for about two heurs)
following the ninth detoration of Upshot-Incthole, The highest dose
rate reading was 320 nr/hr at H £ 4.5 hours. This is less than the

current recommnendations.
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CRITERTA JII
Decontamination of Pergonnel

Vhere it is not possible to monitor personuel outside of a genserel
radiction field, it is recommended that an estimate be made of the degrece
of p-rsonnel conta:zination bty determining the location of the individus=l
at the time of fallout. In the event there is uncertainty as to the
validity of such an estimate, the assumption will be made that the indi-
vidual was out-of-doors. In those areas where the infinity gamma dose
equzls or exceeds 10 roentgens, it is recommended that the individual
be advised to tathe and to change clothing.

For personnel being monitored cutside the genzrel radietion field
vhere persennel contamination exists over relatively large areas of the
exposed body (one-half square foot or more):

; ¥When the reading of e survey instrument held with the center
of the probe or center of the icnization chauber four inches
from the center of the eonteminated arca, eguels cr exceeds the
8 values given in Graph IIX it is reccmrended that nersonnel

: SHAIL be advised to bathe and to change clothing.

For perscnncl being monitcred outsicde the general radiation field,
where personnel contamination exists over relatively small areas of the
EXFOSED tody (less than one-half a square foot):

The recormended maxizmum values shall be one~half those given

in Graph III. Monitoring of the head, arms, hands, lower legs,

and feet will be considered as coming under this category.

Washing may be linited only to the contaminated rarts, and also

& change of clothing may not be indicated unless the radistion

‘Jevels exceed those stated below concerning monitoring of exter-
ior surfaces of clothing.

i
¥

For personnel being monitored outside the general radiation field,
and the contamination exists over only spots of EXPOSED body (about the

size of a half-dollar or less):

Y ——— S p—— - W
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The recommendsd maxirum values shall be one-fifth those given
in Graph I1I, Weshing ray be limited only to the contaminated
parts, and also a change of clothing may not be indicated unless
the radiation levels exceed those stated below concerning moni-
toring of exterior surfaces of clothing.

For persormsl being monitored outside the generel radiation field
end 1he contunination exists over eny size area on the exterior surface
only cf the clothings

The recommended values under these conditions will be twice
those given in Graph III. The first recommended action shall
be to resort to such simple acts as brushing off the clothing.

If this action does not reduce the radiation levels to twice

those given in Graph III or less, then personnel shall be

advised to change clothing end to bathe,

Wren the genaral contariration of a community is of the dcgree to
prodice an estizated mexi—um theoretical infinity garma dose of 20
roenizens or creater, perscanel wio have been out~of-doors at any time
during ihe first two deys end gererally moving around in the arca (as
oppo>sed to such an act as walking only between a building and a vehicle)
shall be adviszzd 1o brush off thre footwear {outdoors), to tathe and to
chanze ecleiring =s soon as poszible after the final return indoors such
day. In addition, personnsl who go out=of-doors for any lengith of tine
during the first two days after such a fallout shall be advised to wash

their hands at least after the final return indcors each day, and more

frequently, if possibis,

- r————— -
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CRITERIA III

contamination of Personnel
DISCUSSICH

Dats on lumans
In table II 1t was suggested thet the reletive average gaizna dose
rates from an infinity contaminated field at three feet above the ground
compared to that on the natives measured by a survey meter held close to
the body was:

110 pr/nr
15 mr/ny

tad
o
-

7/1 (Utirik Atoll)

4%(3”“"%2 T 8/1 (4ilinginae Atoll)
rr/hr

lﬁ@p‘.l’!ﬁ}l 2'1’/1 Rongalan Atoll
80 my/kr ~ 8/1 (Rongzlap )

It is recognized that there are Imany uncertainties in estimating
such a relstionship by this mesns. Even if one assunes the dosz rete
readings were taken accurately tre factors involved, ecpecielly in relation
to the anmount of material coliscted end retzined con the body, certainly zre
not constant, The higher ratio at dongelap Atcll might have boen due to
& physical phenomensn where +he quantity of material falling per unit
area was so great th&; it was not retained so cozpletely on tre body.
Even if this explanation is accepted, there still remain many questions.
Theoretical considerations indicate a gamra dose rate ratio at three
feet above an infinitely contaminated field to that at four inches from
an equally contaminated field of six inch radius to be about 7/1., (See
appendix D.)
The sizes of areas and distances from the surfaces were selected
independently of any of the information on the fallout on the natives
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uncertainty of these data was discussed under Criteria II. They do suggest,
however, that if the contarunation of a relatively large area of the exposed
body produces less than ons roentgen infinite gamma dose as measured by a

survey meter held four inches from the surface there is a large probebility

that beta burns will not result. (See also discussion under Criteria II.)

n

mp3) Sources

Doges From

r

When the same doss rate reading is produced at a glven height above a
surface from a smallef area, the amount of contamination per unit area is
greater (other faciors being equal). Therefore, it would seem deslrable to
reduze the recommended dose rate levels when relatively small aress are in-
volved., It is recognized that radiation from enother nearby spot msy con-
tribute to the survey meter rezdirg when nonitoring e smell area on person-—
nel, but this has not been teken into account, first becsuse of the diffi-

culty of establishing & prior eppraisal of this varisble factor end, second,

wvhatever this contributisn may be it will now become an added safety factor.

Of course. the problem is still complex tecauss when considcring

smaller cnd s=all:r aress the eventual end point is 2 single particls. 4n

[e}]

estimate of beta doses at the surface of an imaginary sphere surrounding a
fallout particle is given in eppendix E and an estimate of bets doses from
e single particle required to produce recognizable erythema is presented in

appendix F, Calculastions indicate that the specific activity of some indi-

‘vidual particles found in fallout would be great enough to produce recogniz~

able erythema if held in contact with the skin for less than one day, yet the
gemma dose rate reading at 4 inches may be relatively small (See appendix G.).
Additional information on doses from individual particles has recently

been reported.® The particles found in and around Hanford consisted princi-
*HW-33068., A status report. Sept. 15; 1954.




pally of three radioisotopes, RuloB, Ru106 and its daughter Rh106. The data

and calculations in appendix H also strongly indicate that a single fallout
particle could produce a recognizable erythema.

Conteminatian of Ciothinz

In the cece of contemination cof clething, higher dose rates might te
tolerated than those for exposed parts of the body. This was exemplified in
the n;tives where no beta burns were observed under clothing of the most
highly contaminated personnel. (This does not include such areas as under
the waist line where materiel apparently collected end was held in place.)
On the other hu‘d very large increases in contaxminetion should nol be tcl-
erated since it is possible for the clothing to be rearranged so as to bring
the contaminated surface in contact with the sidn., Further, it is not
unlikely that one mey rub his hands over his clothing and then through the
hair where the materiel could be held in place for relatively long periods

of time.

A further consideration is the beta dose to the hands resultiing from
hendling otjects contaminated with fallout material. Although some data are
available on betz burns from handiing radiozctive objects, the conditions
are so different from those associated with fallout that comparisons prob-
ably would not be valid.*

. If the above assumptions and calculations are correct concerning con-
tamination of a general area from fallout, then the transfer of all the
radioactive material to the hands from an object of equal area would not
constitute a hazard. Thus, one might consider using as criteria for moni—

obiect ose reedin iven above for poni n onnel
*"Beta Ray Burns of Human Skin". Knowlton, et al. The Journal of the

American Medical Agsociastion, V. 141, No. 4. Sept. 24, 1949.
- 37 -
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outside the general radiation field, However, the problem is more complex

since the hands may come into contact with contaminated surfaces many times }
larger in ares than the henis, with an undeterminad percentage of activity

being tren:ferred to the hards. Of course, an added uncertainty is the

frequenczy of wasking af the kancs and/or the rubting off of th~ matericl

from the hLeands. g

Further, one might speculate that a given surface could have sig- §§1
nificantly higher contmmination than the general area and that the hand—
ling of such a surface could constitute a greater risk, Tkis might JoF) L
true beceuse of the greater azount of activity transferred to the hands
or becauss of the doses delivered during the time of actually L:adling
the object. Tre uncerizinty of the porcentage of irausfer of raterisl
has besn nzntioned. One uncertainty in the second case is the lengih of
time the object would be kendled.

Baszd on calculations in eppendices B snd D, when an object is
held in 2 hLand, a rough estimeie of the ratio of dose rates of batx to
the basal lsyer of the epidermis to that of the gamma reading cn a survey
meter held four inches swey from an object two inches in radius (outside
a generz) radiation field) might be 5,000 to 1 (eppendix I.). Thus, if
this objest were contarinated with the ssme activity per unit arsa that
would prcéuce an infinity 10-roertgen whole-body gamma dose from general
contamination of the area, it would produce zbout 50 mr/hr gamea at four
inches away at H £1 hours, and about 250 reps/hour at a depth of «“1
7 mg/cm®.* Since the palms of the hands have an approximate epidermal !
layer of about 40 mg/cm? the beta dose to the basal layer would be about

170 reps/hour, (The time of ¥ £ 1 was selected to show about the

*These numbers agree fairly well with the computations in "Beta-contact
Hazards Associated with Garmma-radiation Measurements of Mixed Fission
Products®, Teresi, Je. D., USNRDL-383 (CONFIDENTIAL).




oA e

TUIPRIIIEPY Y 2 M § 52

it

highest magnitude of dose retes.) If one assumes that the decay is accord-
ing to t'1°2! then the total beta dose to the basal layer of the epidermis
of the hand in the next 10 hours would be about 320 reps.

Whercas the above estimates do not indicate an alarming situation, a
more serious protlem may come when the contamination is just less than that
where evacuaticn is indicated. For example, the contaminaticn of the general
area may be five or six times ihat used as an illustration in the preceding
paragraph, without evacuation being recommended. Thus, beta dose rates
from handling objects, especially in times soon after fallout, may be high
enough to be a problem. A simple and expedient procedure to reduce thi

factor is frecuert wsshing of the hands efter handling objects that were in
q g

ithe fellcocut,

A
£L238

[

Beta Fxnnguye to the Feet and Lovex

e

It was suggesicd ih Criteria II that normal closed-type footwear (es
corpared to such as open sandals) would probably afford adequate protesction
against significant bteta doses to the feet from fallout raterial on th
ground. There is still the added proolem if the material be scuffed up z=nd
cling to the ankles and lower legs. If there were no irtervening clothing,
or perhaps even with thin stockings or socks, this might result in signifi-

-

cant blological teta doses being delivered to these parts., Tor exemple, if
the gamma dose rate reading at E # 3 hours were something less than five
roentgens per hour, evacuation would not be indicated. However, for fallout
material of the same concentration in contact with the skin the beta dose rate
at 7 mg/cm2 would be about 600 reps/hour (See appendix B.). Presumably,
personnel would be kept indoors for a few hours but upon release the
approximate beta dose rates at 7 mg/cm2 would be 260 rep/hr three hours

later or 210 rep/hr six hours later., In addition, there is the variatle

a:éézég%ihaqg
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factot of what concentration of fallout material may accumulate in the ankle
region by ualking around an area.

L concentration of fellout material on the ground that would result
jn ebout 20 roentgens maximum theorsticel infinity germa dose, if in contact
with the skin would result in a2 beia cdose rate to the boezl layef.of the skin

of sbout 1/4 those indicated in the previous paragrafh.
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CRITERIA IV

ﬁgﬁi;gzigg_ggd Decontamination of Motor Vehicles

It is recomuonded thst when the predicted fallout across & ain
highuwsy will be eguivaient to 2 10-reentzzn infinity gooma dose or kigher, .
vehicles be held tntil after the zetusl fallout kas esscntlally ceased,
They should be then warned to proceed with windows and air vents closed
and the cars should be monitored after passing through the contaminated
area, When 5 to 10 roentgens are predicted across a main highway, ve-
hicles stould be warned to proceed with windows snd air vents closad and
should be monitored after passing through the contamina ted area, Moni~

ef

e

toring end warnings should be continusd until there is reasonable bel
that no or very few additiznal vehicles will excced the values glven in
graph IV,

¥When the dose rate reading taken inside a vehicle, or taken over
eny exterior arcs that is resdily secessible, eguals or exceeds the values

fall be clezned incide wnd outsid Tx-

| &
vy

given in graph iV, thz vehicle
terior aress 1o e monitored shovld include the wheels and under parts
of the fenders but not the under carriage. The survey meter should ke

held approximately four inches from any surfsce,
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Monitoring an? Decontemination of Motor Vehicles

DISCUSSICH

In the pest, fallcut has occurred across highways in sigaificant

quantities. Teble IV.b. b2low In

Upshot-Knothole.

Shot Approx-
Tinsber imate
(Chrono~ Yldld
logieal) . fED Tover

1l 300°¢

1 n

6 "

7 "

7 [ 1}

9 o

9 n

'T‘i:_na O{‘
Fallout

._'.,.:\
Sebali

11
-

2 3/,

i

3 3/4

o
dicates

JAPLE IV.b,

Estimated
Dose Rate
Reading of
Righway at

me pertinent data during

Timz of
rallout
Lrrlax) Incoticn —
920 30 riles south of
Alamo on Hyw. #93
260 1 mile nerth of
St, Geovrge, Utah
325 Junction of T.S.
Hyw. #91 =nd
Nevade iiyw. #40
760 20 miles northw,
Glendale, HKev.on
Hyw. #93
400 8 miles west of
Mssquite; Kev.
Hyw. #91
1000 36 miles north
Glendale on
Eyw. #93
420 St. George, Utah

Hyw. #91

Aprroxdmate
Distance
Fron

Ground Zero
Mriiee)

_—..-..4\.—..-........—

€0

130

[¢a}
(@]

€5

105

60

130
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Road blocks were established en Highwars 93 and 91 following shots
numbers seven and nine of Upshot-Knothole., The highest reading on a
private automobile was 100 mr/hr (gamma) inside and 110 nmr/hr outside at
H plus 3} hours, About 75 cars were washed (rougtly 1/8 of the tozal
monitores). All of %he cars that were washed except the one menticned
above, had outside doce rale readings less than helfl of the kighesti,

The ratio of dose rate readings on the outside of the car to inside
varied from unity to about 4/1. Probably one of the important factors
here is the difference between driving with windows and/br ventilators
opened or closed. .

One bus read 250 mr/hr outside and average of 1C0 mr/kr inside with a
high irside reading over the resar seat of 140 nr/hr at K plus 8 3/ hours,

Considering the amount of {ime one normally spends in an sutonolile,
these dose rates do not necessarily reprecert a hicalth hazard in terzs of
gamna doszs, What is probably a more limiting factor is the direct con-
tamination onz might ncéuire by rutbing egainst the outside cf ithz ca=x,

especislly when changing & tire.

It is assumed that monitoring will'be accomplished outside a gcner=l
radiation field, Theoretical calculations (appencdix D) indicete that
gsraa dose rate readings talen at four inches freom a surface will be 514,
42%, and 27% of those by a meter at three feet atove an equally contaminated
infinite field when the radii of contaminaticn are respectively 3 feet,

2 feet, and 1 foot.

These data suggest that when the gamma dose rate reading at four inches
from a generally contaminated car is about one half that for an infinite
plane taken at three feet, the degree of contamination per unit area will

be about equal; and when the wheels are being monitored 1/2 to 1/4 of =

g . o
¢
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. autonmobiles, There is one obvicus diflere

guaza dose rate reading will represent equivalent contaminaticn (depending
on the gammﬁ'contributicn from the body of the contaminated vehicle).

" Another factor to be considered is that the probability of collect-
ing fallout material on the body from a generally contaminated area in
which onc lives is grecier timn from cne's automobile. Cn the other hand,
it has been noted in the past that significently higher amounts of contei-
jnation have been found on the tires and under parts of fenders than on
the remainder of the car. (Undoubtedly, this is a simple phenomenon of
picking up the activity from the highway.) If one were to change a heavily
contaminated tire, siznificart amounts of radicactive material might
sccumul-ote on the kands, and later be transferred to the hair cr eyes Ly
a siuple rutting of the hends over those parts. |

A comperison might be made here betveen recoumiended masdmum dose
rates found on persomnsl end the esteblishing of levels of activity for

ce, however; in the first cese

o

]

the 1lorial is elrez3y oo the person while in the second case one hes te
introduce the factor of rrobability of transfer cf contamination {ard to
what degree) from the ear to the body.

The dose rates {measured es stated) in graph IV would represent
ebout egual contamination par unit area for a car zu-for an infinite
plane if the cer were rather uniforrly contaminated. If the activity
were cohfined say principally to the tires and under parts of the fenders,
the dose rate readings might represent nearly twice the degree of contam-
ination. One must weigh this condition with the probability that a tire
will be changed before the activity has decreased significantly.

A given dose rate reading inside a vehicle may represent less
contamination per unit area due to the contribution of gamma radiation

-4 -
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from the exterior of the wekicle. ©On the other hand, contamination within

a vehicle would more probably be picked up by personnel than if it were on

the outside. Further, it is recognized that significantly high concentra=-

tions of radiocective fallout mey accumulate in such parts as the air filters

of an sutomobile. Agein, tkis hes to be weighted against the probability
that they will te handled before tke activity has decreased to low levels
plus the fact that it is relatively difficult to monitor such parts on a

mass basis. The uncertainties present in estimating possible hazards

from vehicle contanination would not justify fine distinctions in monitor=-

ing the varicus parts. A therough cleaning, inside and outside, would
eppear to be the best soluticn,

One of the obvious weys to avoid rmch of the problem discussed in
Criteria IV is to prevenit vehicles entering en arca during the time of
fellout. This will rot prevent the first vehicles passing through from
picking up activity on the tires from the highwey. It is believed, hou-
ever, ihis will not comstitute suck n troublescome problen and rarst exper-
fence lhas indicaied thei the =ctivity found on the tires noticecedly
decreased after several cers ked passed over the highway. Further, if
vehicles are not present in the fellout it will help reduce contamination

of the passengers and of the insides of the veldcles,

Operational Feasitdlity

In the past, the criteria used for washing cars has been 7 mr/hr,
and at a later time 20 mr/hr (gamma), inside a vehicle., This resulted
in washing about 75 cars (roughly 1/8 of the total monitored) following
the seventh and ninth detorations of Upshot-Knothole., Under the recom-
mendations given in Criteria IV, the bus mentioned above, but probably
none of the cars, would have been washed.
- 45 =

s -

- - A e et me



The Gata given in graph IV.b, indicate that 1f these racdistion levels
given had been predicted before the fallout, Highways #91 and 93 would have
been closed prior to the fallout from the seventh detornation and possibly

Highwey #33 for thne rinth dstenaticn,

"£6"'
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CRITERTA_V

e PASS-RARILH

Contamination of Water, Air znd Foodstuflfls

-

In any area where the theoreticsl gamma infinity dose exceeds 10
roentgens, adequate sampling of the wster, eir, and foodstuffs shouvld
be rads to ascertein the condiiions of pscsidls contandnetion. Bassd omn
past data, however, it is not expocted that under those conditions of
fallout where the radiation levels are below those stipulated for pos-
sible evacuation, that the degree of contamination will be a health
hazerd, (Nor is it implied here that eny level rbove this dogs consti-
tutec a seriosus contamination of water, air, or foodstuffs.) Therefore,
it is recoxmended that no zction te token in rogerd to limiting inteke

1,

except to edviss the washing off of such exposad foods as lealy vegobables

when that action seems desirable.

s i e
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CRITERLE

Contamipation of Water, Air and Fopdstuffs

DISCUSSTCH

Hater

2

fpble VI.a. lisis the six locations having the righest concentra-

0

tions of fissicn producis 3o water sources Guring Upshet=inothels, and for

comparative purposes the estimated external thecretical maximum gamma infin-

ity doses.
; TABTE VIora
Concontratisn(microcuries
per millililcr extrnpolat-
od to 3 days after dstona~
RS £-T-S b o o tion) R
Virgin Haver lrrigsvaca Carzl, Zave 8.7 x 107
! |
z:zigation Ditch, 55 mi.no.of Tiochs,Nev. 4.5 x 10 > , 0.15
Iower Pahranagat leka, Nev,. ‘ 3.2 x 10"6 2.
H I
Virgin River ot Mosquite, Tev. 2.6 x 107 2.5
{hnkex-\'ille: Yev, (taj) water) ’ 1.2 x 10-"6 7.0
icrystal Springs; Nev. (tap water) 1.1 x 10-6 0.15
L
i Due to weather and to ettenuation of the gamma rays by tuildings, the
H .
whole-body gamma cdose estimated to have been actually delivered was probably
3 closer to one-helf of the values shown.
. The maximum permissible concentration of fission products in drinking
. -3
. water is 5 x 10 }lc/ml extrapolated to three days after detonation. This
i .

is considered & safe concentration for continuous consumption.

pur

Whereas, the monitoring of water sources is of value for documentary

poses it should be recognized that the concentrations found may vary
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widely within siell geogrsphical arcas end cven at the same location at dif
ferent times. (taking into account radioactive decay). Thus, confidence
cannot be placed in precise values. Table VI.a. suggests that even if one
were to have stored up the vater listed at Virgin River Irrigation Canal
end subsicted entirely on this for & lifetime, +he concentration would be
aboul 58 tirss less than the maximi rermissible ameunt. Yormal factors
of dilution by additional rainfall and/or by the influx of lesser contan-

inated ground water would be expected to reduce the level of activity.

Lix

Considereble effort has and is being rode to evaluate hazerds fron

eirborne radiocsiive materials, including fisclion products. There cre
»

certainly uary unanswered problems including the pos ssible hazard from a

single particle in the lungs. Despite the certeinties and as yet in-

complete analysis of the inhalation hazard, the preponderance of gvidence

e

o

(e
<

todny is that the external garmma hazard frenm f2llout is {he more iim
factor of the *wo*., (Howcver, sce discussion on food contamination.)

During .Upshot-Xnotkole quite ccmplete data were collected of con-~
centrations of airborne activity cn about 150 oczcasions in sonme 40 differ-~
ent localities within 200 miles of the Nevada Froving Grounds. 1These

included wonitoring of all deionations. Histogroms were rmade ef air con-

centrations versus time after detonation for 30 occasions and estimates were

made of doses to the lungs. These data for the five communities showing
the highest air concentration are given in Table VI.b. The histogram for
St. George (the highest 2/ hour average concentration of fallout ever

measured in a populated area) is reproduced in appendix J,
#Ad Hoc Committee Meeting. Washington, D. C. January 20, 1954.




TABLE VI.ba

- Dose ‘o Tunzs
- z (33 weeks)Based Theoretical Maxi=
Congentration On 205 Deposition mun Whole-bedy
' ‘(nj‘gr_o_g_\[y*%_hg__jjz and 100% b nti ; Gereed
Tgoaldt - gurie el i
St. Goorge, Utub 1.29 130 -
-1
Lincoln line, Nev. 4.0 x 10 12 1.5
Mesquite, Nev. 1.7 x 107% 13 1.0
Groom Mine, Nev. PV AR 107 7 0.35
i Pioche, Nev. . 2.0 x 1072 3 0.015

#The method used in estirnting dosed to the lungs 1is civen in eppendix ¥,

The criteria previously esteblished by = Ad toc Jangle Fensinility
Committec (Weshingion, D,C., July 12, 1551), for air concentraticna was

npt g point of human hebitsiion e activity of rediocactive
particles 3n +he aimozphaTe, =V g ovir a pariod of 2/ hoaS,
ghall be Liniied L8 100 mizvott rop Cubss LeTdY cf air
(corresp&ndin; ameroranntely eound Level grina intensity

of 30 nr/hr)e B

JRESITE Y

"The 2/-hour averese radiocctivity peT sutic meter of eir, due
to suspenced particles naving Giemetors in “he renge O micron
to 5.C microns, sn2ll not emseed 1/100 of =<:e above; nor 1s =T
desirable tkat any individual particle in 4Yhis size rang ol

en activity greaser Lhan 10-R nmicrocurlnd enloulated 4 hour
aftier the blast."”

ey Ay

s

N1 ol

In the January 20, 195/ meeting of the Ad lioc Committee the tasis for

R R

recommending the above air concentrations was discussed, Essentially, these

-

o Mgﬂw-u,ﬁ,-:m,g;;: on

criteria were selected by estimating the gamma dose that might be delivered

by the passing of a radioactive cloud. Since there are better methods of

estimating gamma doses and since there are uncertainties in evalusting the
hazards of such transitory air concentrations as experienced from fallout,

and since the preponderance of evidence from past nuclear test series

R
. e
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indicates that the external gamma hazerd is more limiting than the inhalsiion

one, it was recommended in the January 20, 195/ meeting to strike from the

record the past recommendations for maximum permissible air concentrations.

It was recormended thet an sir monitoring program be continued fow documentary
purpozes end for vhatever velue the data might have in the future when new
enalyses might be made in the light of additional knowledge.

A further discussion of the single particle problem may be made. In
arriving at the recommend#tian n, ., nor is it desirable that any individual
particle in this size range have activity greater than :!.O.-2 microcuries cal~
culated four hours efter the blasth a computation was made that the average
rediztion dose from such a psriicle %o a cphers one-half a millituter in
radius vould be 385 reps.® FHowever, ihs conclusions may be mislezding.

In the case of a single particle; relatively large doses are delivered nes
the particle and smcll doses at a grerter dictznce. Appendix L saggestis

> possible estimeiz of this phencrmenon. The parameters involved hers esre
nany and diflicult to evaluate, For cxanplc, how long will a particle romain
in one place in trze lung and what dora will e dalivered during thoi tioe

It has been suggested¥® that in the upzir respiratory passasgz 20-micron
dismeter particles are the upper 1lixit of size for deposition end that "Cilia
sweep 4 10 6 cycles per second., The protability of a particle rexaining
within cne millimeier zons for as mucl: os cue~kalfl hour sppears 12 e
vanlshing small, .es Protection will also te provided by the mucus lining
which is itself renewed several times en hour." Accepting the estizates
above and the methods illustrated in appendices E and F, it may be com—
puted that about 8 reps would be delivered to the surface of an imaginary

stationary sphere one millimeter in radius by a 20-micron particle (0.5

¥Minutes, Meeting of Committee to Concider the Feasibility and Conditions
For A Preliminary Radiologic Safety Shot for Jangle. LASL. May 21-22, 1951.
*¥HW-33068, A status report. Sept. 15, 1954, (CONFIDENTIAL).
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rierosurie) in 20 rminmutes {arpendix L). Larzer dosas vill ba delivered
closer to the particle but with the relatively rapid movemsnt of the par-
ticle, it does not esppear that large doses will be delivered to a great
nuber of colls. Multiple exposures might oceur from additionald particles

but epetn this rick 25 ddfficuldl to ey: Tunts,

| Food

Considerable effort is being directed toward the study of contamin-
ation of food from fzllout. One element of major concern is 5r90, 1t
has boen estimsicd that iT ons were to subsici entisely on food grom
from soils containing zbout one~itenth to one riderocwrle per sqwore foot
of Sz‘c"O (1,600 pounds of calciva per cere 10 &1 avVoILge deplh of six to
gsven 3nches), that over a roricd of yosys thore would acsunuld:un dn tha
hurcn sholeton e tady burden of onc rdcrocuvric of Srgo*. Thoe hizhest Srgo
gctivity found iu coils from agriculturcl aress, aboub 100 milen from the
Faovrda Yoot Slta, nﬁu chous a copcentrotion of whoub 344 = 10"3 rloro-
cvrica pir ogvere foote This 35 o factor of 3C-200 tixes loeg than tha one-
tanth to ors microcurie of Srgo quoted tbovs. .The calcium coxtont of goils
arcund the Nevade Test Site is several times greator than the 1000 pounds
por acre ustd s a basis for calculations, vhich would matertally veduce
{tha strontiun vptzke,

(Although not of direct concern to the Nevada Test Site, it is of
interest to note that soils were collected from the Marshall Islands
following the fallout in early March 1954, Appendix M sumrarizes these
data.)

A recent roport** strongly suggests that contamination of leaf sur~

*Private commnication, L. A. Dean, U. Sy Departmwent of Agriculture,
Beltsville, Maryland, April 23, 1954.
#%Report op Gabriel., USAEC. Division of Biology and Medicine, Washington,
D, C. July 1954 (SECRET)
- 52 =
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frcen followed Yy slthar Girvct.ccnﬂunytion or intoke by W&y of midk.is

¢ far 1070 jmposrtent pathvey of intele thnn the soil-plant-enizal cycle,

at lecst for those times of year when plants
40 coll. . b the felloute Turiher rnelyoic 18
Thip £om8 ropor? raleee 2 paw Problom.

{hg ¢nin pPIecs tad indicate yelovive GooeE ©

may be in & gtats of growth
taing plzaned,
Based on statsd cooaariionn,

£

thyroid: tens of thousands of reps

-Sr89-9os 300 reps

oxternal Rl .0 roentgins

> :

High yedloioding GOUNS +o the Toivs cud buly ray bz p“rticulrvly 1 TOT -

.

tent, rodstionnd evaluation vwill be goved {

Ls.s problime

*ngg;&_gn_ggpxiglt USAEC, Division of Bio
D, C. July 1954 SECRET)
=53 =
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. Routine Redistion Exvogures

The whole~body ganma effective biological dose for off-site populations
rhould not exceed 3.9 rcentgens over a period of one yerr. Thils total dose
moy result fromla single exposure or serics of exposures,

If integrutions of doss rate readings ere used in estiwating the effec-

tive bioclogical doses, then table V may be used.

IABLE V
Maltiplication Effective
feehor Bilolosics) Dose

Mexxiimim thaoreticel sadiation
dose from time of Follout to 3/4
15 days later

Maximum theoretiezl rediction 1/2
dose froa 15th dey ito one yosr

TOTAL
(best estinate
of ¢ffective
biclogicel de.s)

If £31m budges or dose rmeters are worn on pervonncl and the evidence
of their use gupports the view that the readings arc a reasorably accuratc
account of the radiation dose reccived; then the velues recorded on the
f£ilm buadge uay bte accepted with a correction factor of 3/4 to zccount for
the difference between the dose received by the film badges or dosimeters

(including backscatter) and that received at the tissue depth of fivse

centineters,
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GRITERTS VI

: Reutire Radiation Exposures
DISCUSSION

In 1953 the following resccmmendation was mede in the "Report of Come
mittee to Stiuvdy Nevzda Proving Ground":

"It is recomnendsd, and found to be in conformity with the present

principles of determining permissible exposure limits, that for test i

operation personnel the total body gamma exposure be limited to 3.9 r |

in thirteern weeks, and that the same figure be applied to the off-site
communities with the further qualification in the latter case that

this is the total figure for the year. In general, this implies a

single test scries in any given year."

Cn the basis of this recomaendation and the reasoning discussed under
Criteria I, the criteria for estimating the whole~body gamma effective
biological dose are sumnarized in teble V, It will be noted thet the bio-
logical fector inzluded under Criteria I is omiited in Criteris V. In the
first case we are dsaling with relatively high doses that may require ewer--
gency measures with their sttendant hazards, It is a situation where oze
vwiches to estim&tg a1l pertinent facters in evaluating rediaticn dores even
though thsy may not be knowm with preciscnsss, before recommending an crer—
gency aclicn that may producs greater problems. In the case of Criteria V
ons is concerned with relatively lower doses during routine operatiohs. It
would be difficult to justify on the one hend the proposition thuat weekly
doses for general populations may bz integrated and taken in a single ex-
posure without penalty and on the cther hand, that a given dose received
over & period of a year may be administratively reduced because of biolog-
ical repair. Therefore, the biological facter is omitted.

The general effects of backscattering on measured radiation doses

are fairly well established, Further, knowledge of depth (tissue)-dose

gurves hes advanced to a quantitative state.® Thus, there seems to be
*Permissible Dose From External Sources of Ionjizing Radjation, MNational i
Bureau of Standards Handbook 59. September Rly 1954,




Wit

little doubt that = fiim tadge or dosimeter worn on the person will over=-
estimate the gamma redisticn dose delivered at a depth of five c-ntineters
(assumed depth of blood-forming organs). A major factor in determining this
difference is the quelity of radiation under consideration. (ne report*
dealing explicitly with redistion in a follout field suggests a facter of

sbout 3/L.

T

*WT-814. Effective Epergy of Residual Garma Radiation, January 1954.
CONFIDENTIAL.
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Assuna:

Thene

EXAMPLE 1
Time of fallout = Hf3 hre
Duse rute at H 3 = 667 wr/hy
Theorsticesl nexdrrm doze fronm tire of
fallout to three hours loter 1.30 r
Savings by remaining indoors for
three hours 0.65 r
One year effective biological dose if
personnel did not remain indoors during
the three hours (baszd on sore assump-
tions contained in zecticn on ovacua~
tion) ~5.5
Per cent of one yerr effc ‘"'v-= Holog-
Jecad dose saved by remzindng indocrs
for thc three hours ~ 2%
NAMYLY 1T
Timz of fallout = L3 bes
Do swte at EL3 = 667 /i
Theoreticsl masdmun doss frenm Lina of
fzllout to eight hours later 2.30 r
Savings by rezsining indoor:s for eight
hours 1.15 »r
One ycar effective biologicrl d&ase if
pereonnel did not rermain indocys
during the eight hours (tasgad cn ¢mma
cosurptions contained in seciion on
evacuation) ~55r
Per cent of one year effective biolog-
ical dose saved by remaining indoors
for the eight hours ~201%
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N = No ejﬁx 5
where: No = number of betas at surface per cm® per sec,
NZ 7 " n " depth x
; )u = mess absorption coefficient
1 % = dictnce (dopih) under consideration
*y
Qe
3 8x
: R
; K = cdore rate st Conihe §
E T rooa encroy of Lobtag
~{103 {0007 rh =
Rz [0Nig ~T TN R (0, 5) 2.33 Yo Mav/gn-sesz,
he &3 C = setivity in nicrosuries per o.?
R=¢ .
R= ( ST eI
=90
o 25
Premmlz
i H -0 s /7, :) 1.
Assuume: C = £0 nc/em* (boia) 5
VX 5.4 € where: R I dose ratz e} depth 7 mg/en™ In reps
C = aciinvity/ex™ in ) C

= (5431

n
>~
(]
(&
s k]
e

ox

L2 IR K K- N KB NE BECEE KK K N R S R IR 2R R R KR IE E

Compsrison Beta Dose Rate (Reps/pr) st 7 Mz/er? to Garma Dose
te lea *d_in Infinite Fj at Three Feet Abov e Sur

Assume: 8Om}1c/cm2 (betw), equivalent to
gacurie/mi< (gammna)

432 = 105
4.1
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In onc v+ levant experizeni, a

a {iltsr papsr In a golution of !

. pm
-l

carface deso rates were thc mirsd viith a curiecce jonld

Yertinont ée'a e£re cbiatractsd~is £6llovst
Thickness of source
Activity of source

Surface dorze rats

457

A,

e fE e
dhooretin:22y

Subst: tkbl
tn T e e
£
= 7.0 C xeps/nr

7 },zc/ ce?

Then R = 7.0 x 77
= 539 reps/ur 2t 7 vo/cnt (BOR)

.\'\

1hin P32 gourcs vas prepersd Ly sonilirg

wpastes and &llewfng 4t to diy. T

zation cio b o ¥

9.6 mg/cm2
.0 pe/af
s 0}1 /

0.127 rev/coc

/..
DRSS TINTION

®Effects of Exterpal Bets Rediation, 2irkle, Raymond E.
Company. 1951.
P 9,:'::'-.,;

McGraw-Hill Eook
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B. Experirentally
R = 457 e~ (9:5){C.COT)

= 427 reps/br at 7 m.é;,/cm2 (P32)

s 43,2 - . Y - R
The two akows zppreaches srs within 26% of esch othar, If onsz culrope

it

2 . .
lates the experimantal duis frox a scource of 9.6 rz/em to & thiz scirce

. -2 —~e
(for comparative purposes) the two meihods are within 20x..




APPEXDIX C (a)

L8 ERRADES Sans i
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HOURS AFTER DETONATION THAT CONTAMINA
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CALCULATIONS

Dose rete of gamma from a point source

r T 6CE where: r/hr
activity in curies per square foot

r
C
E = average energy of germas (Mev)

1/2 foot - P
40 1c/\ e or 3.6 x 107~ /It (gevme)

Ny

O

4 ».-v

= L
h = ) oot
g ]/j j:‘;,’f b e DN oy AN - [-11/»\’) L7 N2
D= i, 80000 s 2o« {07 1 1V A Lo el
;3
Ho Oof’é */".:'- - -

u-.d“” - 703
0.56 r/hr
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Estimats of Doce Delivered by a Single Peyticle of Fallout Mgtorisl

bLgsunia:

Th: dose delivered et the surface of an iwaginary sphere v distancs
R from a point source.*

(1) K@R) = O3 AR pey
vz =

!
s
.~

nu

(.4
o
[a)
"
)
N
.
‘71
~~
1)
13

£ (3.2.) K@) =
o (3.%.) o) =

d o T ey ! N e el a® g, L% o 10 Y et
Nelor Tguation 3.el) Do wletled o tha elinslod provh,

FOR UIESICN FriDUCTS:

-, . wie2
(4) Ay = k%
vhere: A = dicintegrations par undt tinme at lims "a®

a y
after detenztlion

Al = disintegrsticns per unit time &t oze undt
of time after detonation

*Rossi, H. H, and Ellis, R. H. "Distriihted Beta. Sources in Uniformly Absoroizg
Media®". Nucleopdcg, July 1950, V. 7, KNo. l.
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Integreting couaticn (2),

S "~ .

(5.&0) C = SAl (ta-0.2 - tb"'O.Z)

1.2(4 —0.2 - + ~0.2
1 (5.b.) © =58 t ++%(t,-0.2 - £,~0:2)

i oo

LN PPN 3 Ve NN L e XS Fue
wizre: C = {ot.l nutor of 2lsintesrations Frow
P} e PR
e Lo b

- w2 Fars i - .

iu S wLiee Catoisllon

of - J . 2 oA -, h . .3

by, = Juior tive £her detoration,

When tb is infinite,

(6) Coo = 54, t.

© By th: use of eguations (3.2.) or (3.b.) rnd (5.b.) one may ccnrute an

-

L

how lonz s{isy detonstion vill & r=dicszative rrriicle bz dapoiii d and hoa

lorg will the particle
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Em mato of T} ;ﬁ Dog=s from 8 Sinzle Particls on the S%ig
(Posgitle Froduciion of Recesrizable Trerthem:)

-~ - o eob T Y o - gt »"
t, = 3 rours ($im: particls Ir durositud om skin)
'bb ® 27 kours ($3ms proTizla fz removed)
e - A T L ... S 3 < PO N TR
asgume: 1500 repa = total fors rogudrcd in ono doy to yreducs oreotoliibia

0.1l cm = radius of imaginary sphere within which cells rmust
receive 2000 reps or larger.

-'7 2 . > ’ 3
lecording to srpendix B, 2.5 x 107 r-::p:_/dn.r:n't-érrrat;cn 33 da)ivorsd Lo stne.
freco of dxaginnty sphore Dol ceotizsier i radivi.

2202 L5

n, € el eia? - [ 28 -2 d - He N 3 5
55 % 107 % € 107 2isinlzmvotiong roguired
4.9 —( L4
1 Biadivty e ) r) -
C - Lp 2 des o o € PR Y
- ,a.\L [ P Y fa) o
5 - - . o
A [UREE R O AP TP B A5
¢ 309 = 5'"5‘ PR - B - Y ‘J‘,J'
-
Ay 1.7 = N7 @ Ny
- LT TE  A L A T Y
e - N P 1%

Of course, +h2 radius <& e Tnanzie - oo Iis
the celonlealbiona, Por ooirmuan. = oo ek oLl
of ahout G6 wicrecurics c1 3 & 3 Lours
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a., Tre sveregs goamm enercy of Lir
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o~

NI

=3

roodwo:

whet the pu
tort fhe averciz e
2,35 photen eniseice
CHLrRy o odnminiezvition is

gration of fission products.

particle of 150 microcuries of beta activity or 75 microcuries
of garma activity. (See appendix H.)

o S L e IraY
I s o AR SR Ton spdinm throvgh 05 ma of rontinun,
c-v
vhere: I = zizes desn rete (o/hc)
€ ¥ oontineiors
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A, Compoxinnm of Tein scmerzize fron u:"c3 £nd Ru106
figaica JCCLUC L.

SRV AT

= 1. O:i' » )

S 3055 )

Vo Yaha Woanl ¥
-3 3 3

©
H

Assume: Rut©’/Rul®® ratio 0.75%

To estimate a mean average energy of betas from mixture:

wixture to tkoat £

—l&_-l.".. u.-'\

en

3 - cotmman Vorgimrn T o T2 ybe Vad okt Yo s Ty T
PS:LI_‘. FLE I A A AT AR g e d e PN A PRSP PRARY 3 Pa PR N T I S

J.0O Rul % C.25 0. ',-5
J.33 Pu e 0.0 GO
1.33 If:llba 3.25 lavol) /! ',

A

®¥A1l of the basic data contained herein on ruthenium is contained in:
HW-33068. A status report. Sept. 15, 1954.
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B. Data ou dosss and &ffccsin fron

l. Size of particle:
Activity of pariicio:
2
Doze rate %o 7 rg/ca:

Tins dose delivercd:

2. Survey Dose
400

150

2,500

131,000

e

C.

3
K

JKS
!

(Nl
o

D. (8.2)(1:1) = 12co e

.......

‘ng the 144 Lous

l.Jch

6,600 reds/r

~6 days

To Skin Dose

(rads)*

~ 500,000
~ 930,000
~ 2,030,600
~ 6,000,000

~ 7,000,050

150)&
lllyc
27,500 vads/nr

”
B Qs

Effects

None visi%lc
Reddenirg

Desquomstin s

Tiscus Dopl o oidien
Prlesus 3 AT
2 om iy
& mz éoep

* 90 mrads/hr = 1 }xc

**!total dose refers to the hot spot directly below the particle, and is
valid only as to order of magnitude.”



E. Wnat specific mcidvity of & priifclie of filloul vowid oo popvired

g
Gl foudt

- .Y 1
%

(W]

deliver ihe same dcse in the same Jength of time?

The answer to this question gepends upon the tine after detonation
thas the particle cowo s in contnet with the shin,  frraming 1A Tl
1o be I3 howrs, the ep.cific estivity walTd Lmve to b osbovt 150 e
for the seme sizo prriisle

Since the particle may b= washed off bafore six days have expired,
one may consider the problem another way. What must be the spacific
activity of a particle at 443 hours to deliver this dose in the next
2/, houre?

o dm Clan i mpd @t {mma L T B L et RS
Lecording to Siroalvist {poze 8), enly about VO of & izt

dose reed be deliversd in enz qay 1o precduce the same effeot (orythons ).
Acceeptirs this, thon 2 particie with about the gsra ecbiviiy SRGAIREY!
14

1.3 1%

et F/3 bours would oo officiont to delivir an 2IYLATEA dose in o

dsy.
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Fo The following <datz ers menuried for wIngle partlclesr eall-iteg oo

LINY]

Upshot-Knothole* eand Tumbler-Snepper##,

{; j r-_% Q )-I:: ~t3 2l _I}L'S_t:"‘g_:‘__ !:.2:: Z '.,‘:’..:::\-.".*..m,‘..
/j |PURERN ]
— R L5

e R H 2 ‘ <00 120
1,626 x 924 ' 900 10

919 | 480 1

723 350 347

Y2VA 400 10.

555 150 1.7

387 ' <50 147

234 ‘ L7 AT

115 5.2 G5

g1 o 3.0 | 3

20 : .5 _ —

It is not ixtenied vz to 1 ply thoss nve 4re mayimizn stacifiice
activities per particle ttet exisied or could exist, The Gzl st 107
mile: ere reported to show trs wids rence of specific activi‘y trat way

occur at onc locality,

¥W1-811l, "Distribution and Characteristics of rallout at Distances Greater
than 10 Miles from Ground Zero, March and April 1953", Rainey, C.T., et al.
(SECRET) and La-1685,

%*UCLA-243, "Prelimirary Study of Off-site Airborne Rediozctive Materisls,
Nevada Froving Grounds". February 1953 (SECRET) and LA—1685.

*%xData from estimations tased on radiocautograph msthods,
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atimat

N . - ERN [Ny A R Sl atel.
oo may as:ume & retis of heta oz otal WA 7 mg/em® ¢t of giin)

s, B! e 3 > Ve - .-e
to grrza dece rats (ihres Foot cbove 1ho oo 2) of 125/1, TP a contaue

irzted object ¢f say two inch reilus woro toroved (or shielawd) from a

general radiation field the gamma dose rate at four inches from the _ -~
surface might be some 40 times less than from an infinite plane with the |

ezme degres of contemination (appsndix D), vhile {ke betz dcss rote mipht

remedn almost trz seme valuc if the oljcet iz in contactAuith ihs sdn,

B

Thus, the beta 1o gamma dozs rotes mesawred whisr these cordltieas o A

be 5000/1, TItcr otker than o plan2 surlecs, the garma dose 1.tszs nizht

be higher, thas reducing tris ratio.
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Method Usied in iistiratine DPossc 40 ths Tunes
Sfrom Inhalation of Iallout “aterial

Asuioniicors

The following assumpticns wrs rade 1o estim-i

o
'—3'
)

[#e]
*2
X2
(7
.
s}
laud
bse
N

3
1
(&3
«
S
R
(8]

lunge,

A. Twenty per cent of the inhaled activity is deposited.

B. There will be no élimination of particles during their radio-~
active lifetines, There is uncertainty as to ihe biological
half-life of particlzs in the Llungse In those communiii:g
showinz the highest couzentrations ef fallout, thx pazk of

airborne materizl (viich accouni:cd fer ihs greztest poroon~

tuge of totlal fellout) occurred cnly & fow hours afi-r

Getonation., If one sssiuies a reciologiczl decay sccerdiny
-:’.e 2
~ - o 4

b
to t snd a blologicul Lilif-lifz of sy 30 dayo, thn

nd et - AT S N S I 2 A 1. Pt 3 PR S I
OnlEeldn oo cRCLUZICAC L=l le woll Y nob LLX2CT 8ol sy

letnl Comey

e compnted
Co 211 of the zctivity is sseseicied with witicles dn trs
respirable range of sizes, Past dete from cuscade
jmpacteors indicate trat sbout §0% of the activity 4s naun
&ted with particles 5 : *cr:ns or l2ss in the cormuniis zx
surrounding the Nevade Test Site,
D.. The lungs are uniforriy irradiated.

E. The weight of the lungs is 900 grams,

F. An individual inhales 20 cubic meters per 24 hours,

-T2 -

P ey,
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G. The averezze tets enerpy fs 0.5 Mov,

H. The gaxma dose is negligible compared to the beta dose.

La L. PREE LAY

{Shat_Tize i % 3 sl
0505 Duration efter Detonaticn e/l Qe )

0610 - 1130 4¢3 hrs 3 hrs 4.17 15.

3.2 hrs
4.0 hrs

8 hrs

2,38

6.3 x 107t

6.3
2.1

1875 - 2320 4.2 hrs 1.6 hrs 4ol x 1072 0.15

- . . -} .

2310 - 0335 7.5 brs 21.5 trs Loz 10 0.62

YOLEs - 1335 12.0 brs 3340 Lrs 2.4 x 10 7 0.1}
* M ~

Eomnle G-lout 27

Y

- 1.2 ~ 0.2 w2 T
D= sht, T/, -t e
3 hours
2184 hours (13 weeks)
3/'1c :

U)H.
a

}b

- - -1le2 D2 =D D
(5)(3 = 2.22 x 10% x €0} (2)1*2 5792 & 23g470-27

o
!

S Lol % 10° disihtegt*..tions from 3rd hour to 13th week,

Assume: E = 0.5 Mev
av,

(4.4 x 109)(0.5)(1.6 x 10‘6)&;%@; &;%; = 4.2 x 102 reps
= L2 mreps

TOTAL LUNG DOSE FOR )3 WEEKS: -~ 130 mreps

0.03

G2

o
R
W
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ALIETUTLL
Esiimate of Doge a% Surfoce of Trazinarv Sprere One Pillimeter im Radieg
L] -
o Assume: Avercooe activits for 30 ninutes is U,j/.:: szt H £ 3 1¢c ¥ ' 2 hee
(See r:ference eppandix H,)

7 disiﬂ*evr"tions/ﬁu minvizs,

LR ot >

o >
2te Srem

At surface cf iraginiry sphere 1.0 mm in rodivs the dosr rzt el
& point source is
mreps (See appendix E.)

disintegration

2,52 x 1074

(2.3 x 107)(2.52 x 1) = £.3 % 10 rrens/30 min.

~~
= 8 reps/20 mir,

[P I S

seific activity, the dcze would te Coscrzspandlanly
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Logeticn Qoesnedl
Likiep* 1.2x207% 8.7 x 10™° 4
Jemo 3.0:!.1.0"l 1.2 x 1072 A
Ailuk 1.0 3.8 x 1072 12
Mejuit 1.1 2.8 x 1072 8
Orred 3.2x107% 1.1 x 1672 4
Kaven 1.6:207% 4.8 x 107> 2
Wotho 7.8;:’.'[.0"2 1.3 x 10'-3 0.5
Rongelep

(Korthern) 62.0 1.G3 £30)

(Contral £0.0 5.5 x 107+ £

(1 1.0, Villago) 5.0 5,3 x 307> 9

(So. Cinterm 4u5 9.2 z 107% 500
Friirippu® 2:0.0 12.5 )
Fuivetok 50.0 ' 1.2 X
Kabells 200,0 4.9 3,500
Ttirik 53.0 9.8 x 3077 €o
Bikar 3.3 hod x 207 250
Enivetak 8.0 6.6 x 207 400
Sifo 6.1x10" 9.6 x 102 170 )

:\': (r\%’_' !'?_.;:\R >k
*A1l data as of May 5, 1954, except island of Eriirippuni Wlere date is fay 20,

1954. '. ..,xmt‘;" v'\u» o 1. \§ [‘N"‘, ‘_ l& " ”“ K R :
o Lok
. iraiLonner
PN

Vo --&»-..AN‘ i'i



